










































-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH &KDUDFWHUL]DWLRQ RI WKH FKLWLQ
V\QWKDVH  JHQH IURP WKH
VSUXFH EXGZRUP
Choristoneura fumiferana
$PSDVDOD ' =KDQJ ' $ULI % 5HWQDNDUDQ $ )HQJ
4'RXFHW'
&DQDGLDQ )RUHVW 6HUYLFH  4XHHQ 6W HDVW
6DXOW6WH0DULH2QWDULR&DQDGD3$(
&KLWLQ V\QWKHVLV DQG GHJUDGDWLRQ DUH UHFXUUHQW
IXQGDPHQWDO HYHQWV RI LQVHFW GHYHORSPHQW 7KH
ILQDO VWHS RI FKLWLQ DQDEROLVP LV WKH
SRO\PHUL]DWLRQ RI 8'31DFHW\OJOXFRVDPLQH
XQLWV ZKLFK UHTXLUHV FKLWLQ V\QWKDVH DFWLYLW\ :H
SUHVHQW KHUH UHVXOWV RQ WKH FORQLQJ DQG
FKDUDFWHUL]DWLRQ RI WKH FKLWLQ V\QWKDVH  &I&K6
JHQH IURP WKH VSUXFH EXGZRUP 6%:
&KRULVWRQHXUD IXPLIHUDQD DQ LPSRUWDQW 1RUWK
$PHULFDQ IRUHVW SHVW LQVHFW 8VLQJ GHJHQHUDWH
SULPHUV IURP FRQVHUYHG UHJLRQV RI RWKHU LQVHFW
&K6 D &I&K6 IUDJPHQW ZDV LVRODWHG E\ 3&5 RQ D
F'1$ OLEUDU\ PDGH IURP IUHVKO\ HFG\VHG / 6%:
ODUYDH 7KH IXOO OHQJWK RI WKH &I&K6 F'1$ ZDV
GHWHUPLQHG WR EH  NE E\ WKH VHTXHQFLQJ RI
RYHUODSSLQJ F'1$ FORQHV DQG 5$&(
H[SHULPHQWV 7KH HQFRGHG HQ]\PH LV  DPLQR
DFLG ORQJ DQG SRVVHVVHV WKH WZR FDWDO\WLF GRPDLQ
VLJQDWXUH VHTXHQFHV IRXQG LQ DOO LQVHFW &K6 ('5
SRVLWLRQ  WR  DQG 455: SRVLWLRQ  WR
 &RPSXWHUDVVLVWHG DQDO\VLV DOVR SUHGLFWV WKH
H[LVWHQFH RI  WUDQVPHPEUDQH KHOLFHV LQ WKH
DPLQR DFLG VHTXHQFH LPSO\LQJ WKDW &I&K6 1
DQG & WHUPLQL VKDUH WKH VDPH H[WUDFHOOXODU
WRSRORJLFDO VSDFH 7KH H[SUHVVLRQ RI &I&K6
P51$ ZDV FORVHO\ DVVRFLDWHG ZLWK ODUYDOODUYDO
DQG ODUYDOSXSDO PROWV DV ZHOO DV ZLWK WKH
IRUPDWLRQ RI DGXOW FXWLFOH ,Q ODUYDH P51$ ZDV
JHQHUDOO\ DEVHQW GXULQJ LQWHUPROW SHULRGV EXW
DFFXPXODWHG WR KLJK OHYHOV LPPHGLDWHO\ DIWHU
HFG\VLV FRQVLVWHQW ZLWK UHQHZHG FKLWLQ V\QWKHVLV
$FFXPXODWLRQ ZDV DOVR REVHUYHG K EHIRUH DQG
DIWHU WKLV HYHQW DQG HYHQ XS WR K DIWHU HFG\VLV
WR WKH WKODUYDO LQVWDU &I&K6 H[SUHVVLRQ ZDV
UHVWULFWHG WR WKH HSLGHUPLV DQG GLG QRW
DFFXPXODWH LQ IDW ERG\ RU PLGJXW WLVVXHV
7UHDWPHQW RI ODUYDH ZLWK HFG\VRQH DQG ZLWK WKH
QRQVWHURLGDO HFG\VRQH DJRQLVW WHEXIHQR]LGH
UHSUHVVHG WKH WUDQVFULSWLRQ RI &I&K6 ZLWKLQ  WR
K RI DSSOLFDWLRQ 7KHVH UHVXOWV LQGLFDWH WKDW
&I&K6 H[SUHVVLRQ FRXOG EH VWLPXODWHG E\ WKH
IDOOLQJ K\GUR[\HFG\VRQH WLWHUV WKDW
FKDUDFWHUL]H WKH ODWH SKDVH RI WKH PROWLQJ SURFHVV
:H DUH FXUUHQWO\ LQYHVWLJDWLQJ WKH LQWHUSOD\
EHWZHHQ &I&K6 DQG RWKHU JHQHV H[SUHVVHG GXULQJ
PROWLQJLQWKH6%:
)W]) KRPRORJ RI C. elegans
UHJXODWHV FHOO IDWH GHFLVLRQ E\
LQWHUDFWLQJ ZLWK ơFDWHQLQ
VLJQDOLQJ
$VDKLQD 0 9DOHQWD 7 6LOKDQNRYD 0 .RULQHN
9DQG-LQGUD0
%LRORJ\ &HQWHU &]HFK $FDGHP\ RI 6FLHQFHV
%UDQLáRYVNi  ÿHVNp %XGėMRYLFH &]HFK
5HSXEOLF
'HSDUWPHQW RI 0ROHFXODU %LRORJ\ 8QLYHUVLW\ RI
6RXWK %RKHPLD ÿHVNp %XGėMRYLFH &]HFK
5HSXEOLF




7KH 'URVRSKLOD QXFOHDU UHFHSWRU ơ)W]) LV ZHOO
VWXGLHG DV D FHQWUDO UHJXODWRU RI PHWDPRUSKRVLV LQ
UHVSRQVH WR HFG\VRQH VLJQDOLQJ +RZHYHU WKH
PROHFXODU PRGH RI ơ)W]) DFWLRQ UHPDLQV RQO\
SDUWO\ XQGHUVWRRG ,QWHUHVWLQJO\ UHFHQW VWXGLHV
KDYH VKRZQ WKDW PDPPDOLDQ )W]) KRPRORJV
6) DQG /5+ LQWHUDFW ZLWK :QWơFDWHQLQ
VLJQDOLQJ WR PRGXODWH H[SUHVVLRQ RI VSHFLILF WDUJHW
JHQHV &RQVHTXHQWO\ WKH FURVVWDON EHWZHHQ WKH
QXFOHDU UHFHSWRU DQG :QWơFDWHQLQ VLJQDOLQJ
SDWKZD\V GHWHUPLQHV LPSRUWDQW GHFLVLRQV VXFK DV
FHOO GLIIHUHQWLDWLRQ SUROLIHUDWLRQ RU PDOLJQDQW
JURZWK :H KDYH H[DPLQHG LQWHUDFWLRQ EHWZHHQ D
)W]) KRPRORJ 1+5 DQG D ơFDWHQLQ
VLJQDOLQJ SDWKZD\ GXULQJ D VSHFLILF FHOO IDWH
GHFLVLRQ ZLWK WKH DGYDQWDJH RI WKH & HOHJDQV
PRGHO 7KH :QW QXFOHDU HIIHFWRU 7&)323 D
1(02OLNH NLQDVH /,7 DQG WZR GLVWLQFW &
HOHJDQV ơFDWHQLQV :50 DQG 6<6 DUH DOO
UHTXLUHG IRU DV\PPHWULF FHOO GLYLVLRQ RI WZR
VRPDWLF JRQDG SUHFXUVRUV 6*3V ZKLFK SURGXFHV
D SDLU RI GLVWDO WLS FHOOV '7&V WKDW OHDG
GLIIHUHQWLDWLRQ RI WKH JRQDGDO DUPV LQ
KHUPDSKURGLWHV ,PSDLUHG IXQFWLRQ RI DQ\ RI WKH
UHVSHFWLYH JHQHV FDXVHV D 6\V 6\PPHWULFDO
VLVWHUV SKHQRW\SH ZKHQ DOO 6*3V DGRSW WKH VDPH
SUR[LPDO IDWH 7KXV QR '7&V DQG QR JRQDGDO
DUPV DUH IRUPHG +HUH ZH VKRZ WKDW ORVV RI
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 1+5 FDXVHV DQ H[WUD '7& SKHQRW\SH ZKHUH
XS WR IRXU '7&V IRUP DW WKH H[SHQVH RI WKH
SUR[LPDOO\ IDWHG FHOOV 7KLV ³DOOGLVWDO´ 6\V
SKHQRW\SH LV WKXV RSSRVLWH WR NQRZQ
ORVVRIIXQFWLRQ SKHQRW\SHV RI JHQHV LQ WKH
ơFDWHQLQ SDWKZD\ 2XU GDWD VKRZ WKDW D EDODQFH
EHWZHHQ WKH ơFDWHQLQ323 DFWLYLW\ DQG WKH
DFWLRQ RI 1+5 LV UHTXLUHG IRU WKH SURSHU
HVWDEOLVKPHQW RI ERWK WKH GLVWDO DQG SUR[LPDO FHOO
IDWHV SRST PXWDQWV WKDW QHYHU IRUP '7&V
DQG FRQVHTXHQWO\ ODFN JRQDGDO DUPV GHYHORS
'7&V H[WHQG WKH JRQDGDO DUPV DQG EHFRPH
IHUWLOH ZKHQ QKU LV VLOHQFHG LQ WKHP %\ XVLQJ
FHOO WUDQVIHFWLRQ WHFKQLTXHV
FRLPPXQRSUHFLSLWDWLRQ \HDVW WZRK\EULG DQG
*67 SXOOGRZQ DVVD\V ZH VKRZ WKDW WKLV
LQWHUDFWLRQ LV FRRUGLQDWHG E\ PXWXDO PRGXODWLRQ
RI 1+5 DQG 323 DFWLYLWLHV WKURXJK GLUHFW
FRQWDFWV RI 1+5 ZLWK WKH GLVWLQFW ơFDWHQLQV
:50 DQG 6<6 7KH & HOHJDQV JRQDG WKXV
VHUYHV DV D XQLTXH H[DPSOH RI KRZ HYROXWLRQDULO\
FRQVHUYHG LQWHUSOD\ EHWZHHQ QXFOHDU UHFHSWRU DQG
ơFDWHQLQ VLJQDOLQJ SDWKZD\V JRYHUQV
GHYHORSPHQWDO FHOO IDWH GHFLVLRQV 6XSSRUWHG E\
SURMHFWV = &]HFK $FDG 6FL DQG
 IURP WKH &]HFK 0LQLVWU\ RI
(GXFDWLRQ
&KDUDFWHUL]DWLRQ RI KRUPRQH
ELQGLQJ WR WKH HFG\VRQH
UHFHSWRU
$]RLWHL$6SLQGOHU%DUWK0




7KUHH LVRIRUPV RI WKH HFG\VWHURLG UHFHSWRU (F5
ZLWK GLIIHUHQW $% GRPDLQV DUH GHVFULEHG IRU
'URVRSKLOD 7KH LVRIRUPV DUH IXQFWLRQDOO\ QRW
HTXLYDOHQW DQG FDQ QRW UHSODFH HDFK RWKHU GXULQJ
GHYHORSPHQW %HQGHU HW DO  &HOO 
± /LJDQG ELQGLQJ LV QRW LQIOXHQFHG E\ WKH
GLIIHUHQW $% GRPDLQV RI (F5 LVRIRUPV
VLJQLILFDQWO\ EXW LV PRGLILHG E\ WKH
KHWHURGLPHUL]DWLRQ SDUWQHU 8OWUDVSLUDFOH 8VS
$V UHSRUWHG SUHYLRXVO\ WKH OLJDQG ELQGLQJ GRPDLQ
RI 8VS LQFUHDVHV OLJDQG ELQGLQJ WR (F5 DERXW 
IROG *UHEH HW DO  ,QVHFW %LRFKHP 0ROHF
%LRO  ± 6FDWFKDUG SORW DQDO\VLV RI
OLJDQG ELQGLQJ GDWD VKRZ WKDW WKH %GRPDLQ RI
8VS UHGXFHV DIILQLW\ RI SRQDVWHURQH $ WR (F58VS
PRGHVWO\ DERXW ± IROG DQG WKH '1$ ELQGLQJ
GRPDLQ LPSDLUV OLJDQG DIILQLW\ WR (F5
FRQVLGHUDEO\ DERXW ± IROG 5HSODFHPHQW RI WKH
$% GRPDLQ RI 8VS ZLWK WKH DFWLYDWLRQ GRPDLQ RI
93 ZKLFK LV URXWLQHO\ XVHG LQ WUDQVDFWLYDWLRQ
VWXGLHV KDV QR HIIHFW RQ OLJDQG ELQGLQJ RI WKH
KHWHURGLPHULF FRPSOH[ FRPSDUHG WR ZLOG W\SH
8VS 6RPH KRUPRQHLQGXFHG ELRORJLFDO UHVSRQVHV
RI (F5  8VS LQYROYH WKH '1$ ELQGLQJ GRPDLQ
'%' RI 8VS ZKHUHDV RWKHUV DUH DOUHDG\
REVHUYHG LQ WKH DEVHQFH RI D IXQFWLRQDO 8VS'%'
*KEHLVK HW DO  3URF $FDG 6FL 86$ 
± :H WKHUHIRUH WHVWHG WKH LQIOXHQFH RI
'1$ RQ OLJDQG ELQGLQJ 0RQRPHULF KVS XVHG
IRU VWXGLHV RI UHFHSWRU '1$ LQWHUDFWLRQ E\ JHO
PRELOLW\ VKLIW DVVD\V KDV QR VLJQLILFDQW HIIHFW RQ
KRUPRQH ELQGLQJ ZKHUHDV SHQWDPHULF KVS
URXWLQHO\ XVHG IRU WUDQVDFWLYDWLRQ VWXGLHV
LQFUHDVHV SRQDVWHURQH $ DIILQLW\ WR WKH
KHWHURGLPHULF FRPSOH[ FRQVLGHUDEO\ GHSHQGLQJ
RQ WKH (F5 LVRIRUP  )RU FRPSDULVRQ RI WKH
DFWLYLW\ RI (F5 LVRIRUPV GHWHUPLQDWLRQ RI UHFHSWRU
FRQFHQWUDWLRQV LV PDQGDWRU\ WR HQVXUH WKDW WKH
VDPH DPRXQW RI UHFHSWRU LV UHVSRQVLEOH IRU WKH
REVHUYHG HIIHFWV 1RUPDOL]DWLRQ RI UHFHSWRU
FRQFHQWUDWLRQV GHWHUPLQHG E\ 6FDWFKDUG SORW DQG
:HVWHUQ EORW GR QRW FRLQFLGH ZLWK JDODFWRVLGDVH
DFWLYLW\ ZKLFK LV URXWLQHO\ XVHG IRU QRUPDOL]DWLRQ
RI WUDQVDFWLYDWLRQ FDSDELOLW\ 7KLV PHDQV WKDW
GHWHUPLQDWLRQ RI WUDQVIHFWLRQ HIILFLHQF\ E\
JDODFWRVLGDVH GRHV QRW UHIOHFW WKH FRQFHQWUDWLRQ
RI WKH H[SUHVVHG UHFHSWRU SURWHLQV SUHVXPDEO\





8QLYHUVLWp 3LHUUH HW 0DULH &XULH /DERUDWRLUH
3URWpLQHV %LRFKLPLH 6WUXFWXUDOH HW )RQFWLRQQHOOH
&156 )5(   4XDL 6W %HUQDUG && 
3DULV)UDQFH
8QLYHUVLWp $EGHOPDOHN (VVkDGL )DFXOWp GHV





0DQ\ SODQW VSHFLHV SURGXFH LQVHFW PROWLQJ
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-RXUQDORI,QVHFW6FLHQFH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 7KHUH LV
LQFUHDVLQJ HYLGHQFH WKDW 3(V UHSUHVHQW D FKHPLFDO
GHIHQFH RI SODQWV DJDLQVW QRQDGDSWHG LQVHFWV DQG
QHPDWRGHV 7KH ZLGH GLVWULEXWLRQ RI
3(VFRQWDLQLQJ VSHFLHV LQ WKH SODQW NLQJGRP
'LQDQ / D 3K\WRFKHPLVWU\  ±
WKH SUHVHQFH RI VLJQLILFDQW 3( OHYHOV LQ VRPH
VSHFLPHQV RI $UDELGRSVLV D QRQ DFFXPXODWLQJ
SODQW 'LQDQ / E &HOO 0RO /LIH 6FL 
± DQG WKH DELOLW\ WKH PDL]H D
QRQDFFXPXODWLQJ SODQW VSHFLHV WR V\QWKHVL]H
VRPH K\GUR[\HFG\VRQH ( IURP ODEHOHG
SUHFXUVRUV 'HYDUHQQH 73 HW DO
3K\WRFKHPLVWU\  ± VXSSRUW WKH LGHD
WKDW PRVW LI QRW DOO SODQW VSHFLHV KDYH WKH JHQHWLF
DELOLW\ WR SURGXFH 3(V EXW WKDW WKH ELRV\QWKHWLF
SDWKZD\ LV QRW DFWLYH 0RVW FURS VSHFLHV GR QRW
DFFXPXODWH 3(V DV D FRQVHTXHQFH RI WKHLU
VHOHFWLRQ IRU D KLJKHU \LHOG" :H EHOLHYH WKDW DQ
HQYLURQPHQWDOO\ VDIH DSSURDFK WR FURS SURWHFWLRQ
DJDLQVW SK\WRSKDJRXV LQVHFWV FRXOG EH EDVHG RQ
LQFUHDVLQJ WKHLU 3( OHYHOV E\ PRGLI\LQJ WKH
DFWLYLW\ RI JHQHV LQYROYHG LQ WKH FRQWURO RI 3(
ELRV\QWKHVLV 7KH DFKLHYHPHQW RI WKLV JRDO
UHTXLUHV D EHWWHU XQGHUVWDQGLQJ RI WKH 3(
ELRV\QWKHWLF SDWKZD\ DQG RI LWV UHJXODWLRQ
8QIRUWXQDWHO\ RXU FXUUHQW NQRZOHGJH RI WKLV
SDWKZD\ LQ SODQWV LV YHU\ OLPLWHG :H GHYHORSHG D
UHVHDUFK SURJUDPPH RQ WKH 3( ELRV\QWKHWLF
SDWKZD\ DQG LWV UHJXODWLRQ LQ VSLQDFK RQH RI WKH
IHZ DFFXPXODWLQJ FURS VSHFLHV :H KDYH
SHUIRUPHG ODEHOOLQJ H[SHULPHQWV ZLWK H[FLVHG
VSLQDFK OHDYHV DW GLIIHUHQW RQWRJHQHWLF VWDJHV RU
VXEFHOOXODU IUDFWLRQV RI WKHP XVLQJ ERWK YHU\
HDUO\ PHYDORQLF DFLG RU ODWH R[RNHWRGLRO
GHR[\HFG\VRQH GHR[\( HFG\VRQH (
SUHFXUVRUV 7KH ODWWHU DUH FODVVLFDOO\ XVHG ZLWK
$UWKURSRGV *LOEHUW /, HW DO  $QQX 5HY
(QWRPRO  ± 2XU UHVXOWV FRQILUP
HDUOLHU ILQGLQJV WKDW \RXQJ OHDYHV DUH XQDEOH WR
SURGXFH 3(V DQG DFFXPXODWH WKRVH SURGXFHG E\
ROGHU RQHV *UHEHQRN 5- $GOHU -+ 
3K\WRFKHPLVWU\  ± 7KH PHWDEROLF
DFWLYLW\ RI OHDYHV VKRZV ODUJH IOXFWXDWLRQV LQ
UHODWLRQ ZLWK WKH VXEVWUDWH XVHG DQG ZLWK WKHLU
GHYHORSPHQWDO VWDJH 7KH\ SRLQW RXW PDMRU
GLIIHUHQFHV ZLWK $UWKURSRGV UHJDUGLQJ ERWK WKH
VXEFHOOXODU ORFDOL]DWLRQ RI HQ]\PHV DQG WKH
SUREDEOH VHTXHQFH RI WKH UHDFWLRQV HJ WKH
SRVVLEOH LQYROYHPHQW RI K\GUR[\ODWLRQ DW DQ
HDUO\ VWDJH 7KH PHFKDQLVPV UHJXODWLQJ 3(V
ELRV\QWKHVLV ZHUH LQYHVWLJDWHG IXUWKHU E\ H[FLVHG
OHDI ODEHOOLQJ H[SHULPHQWV DIWHU UHPRYDO RI WKH
\RXQJ DSLFDO OHDYHV LH VLQN RUJDQV RU DIWHU
ORDGLQJZLWKODUJHDPRXQWVRI(
7UDQVFULSWLRQDO DFWLYLW\ RI WKH
Drosophila melanogaster
(F5863 KHWHURGLPHU LQ D
KHWHURORJRXV FHOO FXOWXUH
V\VWHP
%HDWW\ -0 &DOOHQGHU - :HLQEHUJHU & +HQULFK
9&
%LRWHFKQRORJ\ DQG *HQRPLF 5HVHDUFK &HQWHU




'URVRSKLOD PHODQRJDVWHU HFG\VRQH UHFHSWRU
(F5 LVRIRUPV DQG 8OWUDVSLUDFOH 863 ZKHQ
WUDQVIHFWHG DQG H[SUHVVHG LQ &KLQHVH KDPVWHU
RYDU\ &+2 FHOOV FRQIHU WKHVH FHOOV ZLWK
HFG\VWHURLGLQGXFLEOH WUDQVFULSWLRQDO DFWLYLW\
ZKLFK FDQ EH PHDVXUHG E\ D OXFLIHUDVH UHSRUWHU
JHQH XQGHU WKH FRQWURO RI D WDQGHPO\ UHSHDWHG
FDQRQLFDO KVS HFG\VRQH UHVSRQVH HOHPHQW 7KLV
FDSDELOLW\ KDV IRUPHG WKH EDVLV IRU D VHULHV RI
H[SHULPHQWV WKDW GHPRQVWUDWH WKDW WKH WKUHH (F5
LVRIRUPV DQG VSHFLILF VWUXFWXUDO PRGLILFDWLRQV RI
863 UHVXOW LQ DOWHUHG DFWLYLWLHV WKDW UHYHDO VSHFLILF
UHFHSWRU VXEIXQFWLRQV 6LWHGLUHFWHG PXWDJHQHVLV
KDV IXUWKHU GHPRQVWUDWHG WKH SUHVHQFH RI VSHFLILF
UHJXODWRU\ DFWLYLWLHV DQG OHG WR K\SRWKHVHV IRU
VXEVHTXHQW LQ YLYR WHVWV 7KHVH H[SHULPHQWV KDYH
IXUWKHU GHPRQVWUDWHG WKDW MXYHQLOH KRUPRQH
-+,,, SRWHQWLDWHV HFG\VWHURLG UHVSRQVLYHQHVV
WKDW LV LW UHGXFHV WKH GRVDJH RI HFG\VWHURLG
QHFHVVDU\ IRU D PD[LPXP WUDQVFULSWLRQDO
UHVSRQVH E\ DERXW WHQIROG )XUWKHU D YDULHW\ RI
LQWHUPHGLDWHV LQ WKH LQVHFW PHYDORQDWH SDWKZD\
IURP IDUQHV\O GLSKRVSKDWH WR -+,,, DOVR GLVSOD\
SRWHQWLDWLRQ DFWLYLW\ 6HYHUDO -+ DQDORJXHV
LQFOXGLQJ PHWKRSUHQH DQG S\ULSUR[\IHQ DOVR
SRWHQWLDWH WKLV UHVSRQVH DV GR VRPH LQVHFWLFLGHV
DQG SK\WRFKHPLFDOV LPSOLFDWHG DV -+ PLPLFV E\
SUHYLRXV VWXGLHV )URP WKHVH H[SHULPHQWV LW LV
VXJJHVWHG WKDW -+ DQG RWKHU FRPSRXQGV LQWHUIHUH
ZLWK JURZWK E\ GLVUXSWLQJ WKH QRUPDO FRQWURO RI




UHFHSWRU DFWLYLW\ LQ D
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%HDWW\ -0 :HLQEHUJHU & 2JXUD 7 6RLQ 7
6PDJJKH*1DNDJDZD<+HQULFK9&
%LRWHFKQRORJ\ DQG *HQRPLF 5HVHDUFK &HQWHU
8QLYHUVLW\ RI 1RUWK &DUROLQD*UHHQVERUR
*UHHQVERUR1&
'LYLVLRQ RI $SSOLHG /LIH 6FLHQFHV *UDGXDWH
6FKRRO RI $JULFXOWXUH .\RWR 8QLYHUVLW\ .\RWR
-DSDQ
/DERUDWRU\ RI $JUR=RRORJ\ 'HSDUWPHQW RI &URS




3UHYLRXV VWXGLHV LQ D PDPPDOLDQ FHOO FXOWXUH
V\VWHP KDYH GHPRQVWUDWHG WKDW WKH WKUHH QDWXUDO
LVRIRUPV RI WKH 'URVRSKLOD PHODQRJDVWHU
HFG\VRQH UHFHSWRU (F5 H[KLELW GLIIHUHQFHV LQ
WUDQVFULSWLRQDO DFWLYLW\ YLD WKH FDQRQLFDO KVS
HFG\VRQH UHVSRQVH HOHPHQW ZKHQ WHVWHG ZLWK
HLWKHU YHUWHEUDWH UHWLQRLG ; UHFHSWRU RU
'URVRSKLOD 8OWUDVSLUDFOH 863 DV D
KHWHURGLPHULF SDUWQHU )XUWKHU PRGLILFDWLRQ RI
(F5 DQG 863 E\ VLWHGLUHFWHG PXWDJHQHVLV RU WKH
GHOHWLRQ RI VSHFLILF GRPDLQV LQ WKHVH QXFOHDU
UHFHSWRUV UHYHDO WKDW WKH FRPSRVLWH DFWLYLW\ RI WKH
HFG\VWHURLG UHFHSWRU LV FRPSULVHG RI QXPHURXV
DQG VSHFLILF VXEIXQFWLRQV 7KH H[SHULPHQWV
UHSRUWHG KHUH ZLOO V\VWHPDWLFDOO\ FRPSDUH WKH
DFWLYLW\ ELRFKHPLFDO SURSHUWLHV DQG
UHVSRQVLYHQHVV WR HFG\VWHURLGV DQG MXYHQRLGV RI
WKH /HSWLQRWDUDVD GHFHPOLQHDWD &RORUDGR SRWDWR
EHHWOH HFG\VWHURLG UHFHSWRU ZLWK WKRVH RI '
PHODQRJDVWHU LQ WKH VDPH V\VWHP 7KLV
&ROHRSWHUD VSHFLHV HQFRGHV WZR NQRZQ LVRIRUPV
RI (F5 $ DQG % DORQJ ZLWK D VLQJOH IRUP RI 863
,QWHUHVWLQJO\ WKH 863V RI / GHFHPOLQHDWD RWKHU
&ROHRSWHUD VSHFLHV DQG RWKHU SULPLWLYH LQVHFW
RUGHUV VKRZ JUHDWHU RYHUDOO VLPLODULW\ ZLWK WKH
OLJDQGELQGLQJ GRPDLQ RI WKH YHUWHEUDWH 5;5
WKDQ ZLWK WKH HTXLYDOHQW 'LSWHUDQ 863 GRPDLQ
3UHYLRXV VWXGLHV KDYH LQGLFDWHG WKDW 5;5 DQG
863 GLIIHU FRQVLGHUDEO\ LQ WKHLU UROH DV D
KHWHURGLPHULF SDUWQHU IRU ' PHODQRJDVWHU (F5
VXJJHVWLQJ WKDW WKH PRGXODWRU\ UROH RI WKHVH
KRPRORJXHV LV LPSRUWDQW IRU RYHUDOO HFG\VWHURLG
UHVSRQVLYH WUDQVFULSWLRQDO DFWLYLW\ 7KH SRWHQWLDO
VLJQLILFDQFH RI WKHVH IXQFWLRQDO GLIIHUHQFHV DQG
WKH LPSOLFDWLRQV RI WKHVH FKDUDFWHULVWLFV IRU
LQVHFWLFLGDOWDUJHWLQJZLOOEHDGGUHVVHG
)XQFWLRQDO VWXGLHV RI 5;5 DQG
863 XVLQJ WUDQVJHQLF IUXLWIOLHV
Drosophila melanogaster
%HFN < ,ZHPD 7 5LFKDUGV *
 %LOODV ,0/ 0RUDV
'




3UHVHQW DGGUHVV 7KH ,QWHUQDWLRQDO +XPDQ




7KH IUXLWIO\ 'URVRSKLOD PHODQRJDVWHU LV D PRGHO
RUJDQLVP IRU ZKLFK D FRPSOHWH JHQRPH VHTXHQFH
LV DYDLODEOH 'XH WR LWV ZHOONQRZQ JHQHWLFV WKLV
DQLPDO UHSUHVHQWV DQ LGHDO PRGHO RUJDQLVP IRU
WKH VWXG\ RI YDULRXV GHYHORSPHQWDO SURFHVVHV DQG
IRU PRQLWRULQJ WHPSRUDO DQG VSDWLDO JHQH
DFWLYDWLRQ SDWWHUQV :H KDYH VWDUWHG D SURMHFW WKDW
DLPV DW JHWWLQJ IXUWKHU LQVLJKW LQWR WKH OLJDQG
ELQGLQJ SURSHUWLHV RI UHWLQRLG ; UHFHSWRU 5;5
DQG WKH 8OWUDVSLUDFOH SURWHLQ 863 WKH
XELTXLWRXV KHWHURGLPHUL]DWLRQ SDUWQHU RI QXFOHDU
UHFHSWRUV VXFK DV WKH YLWDPLQ ' UHFHSWRU RU WKH
HFG\VRQH UHFHSWRU :KLOH OLJDQGV KDYH EHHQ
LGHQWLILHG IRU WKH YHUWHEUDWH 5;5V WKH
LGHQWLILFDWLRQ RI OLJDQGV IRU 863 LV VWLOO D KLJKO\
GHEDWHG PDWWHU :H KDYH HVWDEOLVKHG WUDQVJHQLF
IUXLWIOLHV 'URVRSKLOD PHODQRJDVWHU WKDW H[SUHVV D
IXVLRQ RI WKH *$/ '1$ ELQGLQJ GRPDLQ DQG WKH
OLJDQG ELQGLQJ GRPDLQ /%' RI 863 RU 5;5
FRPELQHG ZLWK D *$/GHSHQGHQW *)3 UHSRUWHU
JHQH 7KH SDWWHUQ RI *)3 H[SUHVVLRQ XSRQ OLJDQG
DFWLYDWLRQ DUH UHFRUGHG IRU GLIIHUHQW 863 /%'V
DQG FRPSDUHG WR KXPDQ 5;5 5HVXOWV RI WKHVH LQ
YLYR H[SHULPHQWV ZLOO EH GLVFXVVHG LQ OLJKW RI
VWUXFWXUDOGDWDDQGFRPSDUHGWRLQYLWURDVVD\V
)XQFWLRQV RI WKH HFG\VRQH




-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH E\V\VWHPLF51$L in vivo
%HOOpV;&UX]-0DQp3DGUyV'0DUWtQ'
'HSDUWPHQW RI 3K\VLRORJ\ DQG 0ROHFXODU
%LRGLYHUVLW\ ,QVWLWXW GH %LRORJLD 0ROHFXODU GH




7KH PROHFXODU EDVLV RI HFG\VWHURLG IXQFWLRQ
GXULQJ GHYHORSPHQW KDV EHHQ DQDO\]HG LQ GHWDLO LQ
KRORPHWDERORXV LQVHFWV HVSHFLDOO\ LQ WKH IUXLW IO\
'URVRSKLOD PHODQRJDVWHU EXW UDUHO\ LQ
KHPLPHWDERORXV VSHFLHV 7KHUHIRUH ZH KDYH
FORQHG WKH KRPRORJXH RI WKH ' PHODQRJDVWHU
HFG\VRQH UHFHSWRU LVRIRUP $ (F5$ LQ WKH
KHPLPHWDERORXV VSHFLHV %ODWWHOOD JHUPDQLFD WKH
*HUPDQ FRFNURDFK QDPLQJ LW %J(F5$ 7KH
FKDUDFWHUL]DWLRQ RI WKH GHYHORSPHQWDO H[SUHVVLRQ
SURILOH VKRZV WKDW %J(F5$ P51$ LV SUHVHQW
WKURXJKRXW WKH SHQXOWLPDWH DQG ODVW Q\PSKDO
LQVWDUV LQ WKH WKUHH WLVVXHV DQDO\]HG SURWKRUDFLF
JODQG HSLGHUPLV DQG IDW ERG\ ,Q YLWUR VWXGLHV
KDYH VKRZQ WKDW  K\GUR[\HFG\VRQH ( KDV
QR HIIHFW XSRQ WKH H[SUHVVLRQ RI %J(F5$ LQ
LQFXEDWHG SRUWLRQV RI HSLGHUPLV SOXV DGKHUHG IDW
ERG\ WLVVXH IURP ODVW LQVWDU IHPDOH Q\PSKV 7R
LQYHVWLJDWH WKH IXQFWLRQV RI %J(F5$ LQ WKH
*HUPDQ FRFNURDFK ZH UHGXFHG LWV H[SUHVVLRQ
XVLQJ V\VWHPLF 51$L LQ YLYR $FFRUGLQJO\ GRXEOH
VWUDQG 51$ WDUJHWHG WR WKH $% UHJLRQ VSHFLILF RI
%J(F5 GV%J(F5$ ZDV LQMHFWHG LQ IUHVKO\
HPHUJHG ODVW Q\PSKDO LQVWDU IHPDOHV $ WRWDO RI
 RI WKH GV%J(F5$ WUHDWHG VSHFLPHQV ZHUH
XQDEOH WR PROW DQG VKRZHG D GRXEOH
PRXWKRRNVOLNH SKHQRW\SH ZLWK GXSOLFDWHG
HFWRGHUPLF VWUXFWXUHV OLNH LQ WKH PDQGLEOHV RU
WKH ODFLQLDH IRU H[DPSOH DV RFFXUV LQ '
PHODQRJDVWHU PXWDQWV RI JHQHV LQYROYHG LQ
VWHURLGRJHQHVLV OLNH PROWLQJ GHIHFWLYH DQG
HFG\VRQHOHVV ,Q DGGLWLRQ WKH %J(F5$
NQRFNGRZQ VSHFLPHQV KDG ORZHU FLUFXODWLQJ
HFG\VWHURLG OHYHOV 7KLV FDQ EH DVVRFLDWHG WR WKH
IDFW WKDW WKH VDPH VSHFLPHQV VKRZHG UHGXFHG
OHYHOV RI %J($ P51$ D QXFOHDU UHFHSWRU
EHORQJLQJ WR WKH JHQHWLF FDVFDGH WULJJHUHG E\ (
ZKLFK DW OHDVW LQ ' PHODQRJDVWHU SURPRWHV
HFG\VWHURLG V\QWKHVLV )LQDOO\ WKH GV%J(F5$
WUHDWHG Q\PSKV VKRZHG GHIHFWV LQ FHOO
SUROLIHUDWLRQ LQ WKH IROOLFXODU HSLWKHOLXP RI
Q\PSKDO EDVDO RRF\WHV *LYHQ WKDW  RI
%J(F5$ NQRFNGRZQ Q\PSKV ZHUH DEOH WR
FRPSOHWH WKH LPDJLQDO PROW WKLV DOORZHG XV WR
VWXG\ WKH IXQFWLRQV RI %J(F5$ LQ WKH DGXOW 7KH
IHDWXUHV RI WKHVH VSHFLPHQV LQGLFDWH WKDW %J(F5$
LV UHTXLUHG IRU DGXOWVSHFLILF GHYHORSPHQWDO
SURFHVVHV VXFK DV ZLQJ GHYHORSPHQW SURWKRUDFLF
JODQGGHJHQHUDWLRQDQGFKRULRJHQHVLV
$QDO\VLV RI HFG\VWHURLGV LQ
HJJV RI WKH PHDOZRUP HIIHFW
RI WZR LQVHFW JURZWK
UHJXODWRUV
%HUJKLFKH + +RXDPULD 0 6PDJJKH * 6ROWDQL
1
/DERUDWRLUH GH %LRORJLH $QLPDOH $SSOLTXpH
'pSDUWHPHQW GH %LRORJLH )DFXOWp GHV 6FLHQFHV
8QLYHUVLWpG¶$QQDED$QQDED$OJpULD
/DERUDWRU\ RI $JUR]RRORJ\ 'HSDUWPHQW RI &URS




5+ KDORIHQR]LGH D ELVDF\OK\GUD]LQH
GHULYDWLYH LV D QRQVWHURLGDO HFG\VWHURLG DJRQLVW
WKDW PLPLFV WKH DFWLRQ RI WKH PRXOWLQJ KRUPRQHV
ZKLOH .. DQ LPLGD]ROH FRPSRXQG LV D SRWHQW
LQKLELWRU RI HFG\VWHURLG ELRV\QWKHVLV 3UHYLRXV
UHVXOWV VXJJHVWHG WKDW WKH UHGXFWLRQ RI HFG\VWHURLG
WLWHU OHDGLQJ WR D UHGXFWLRQ RI UHSURGXFWLYH
FDSDFLW\ LQ 7HQHEULR PROLWRU LV GXH WR D GLUHFW
DQG UDSLG DFWLRQ RI .. RQ HFG\VWHURLG
ELRV\QWKHVLV 0RUHRYHU 5+ ZDV IRXQG WR
LQFUHDVH WKH HFG\VWHURLG SURGXFWLRQ DQG WR UHVWRUH
SDUWO\ WKH HIIHFWV RQ UHSURGXFWLYH HYHQWV LQGXFHG
E\ .. 7KHUHIRUH WKH SUHVHQW VWXG\ HYDOXDWHV
WKHVH WZR LQVHFW JURZWK UHJXODWRUV ,*5V RQ HJJ
HFG\VWHURLGV LQ PHDOZRUPV 7KH ,*5V ZHUH
DSSOLHG WRSLFDOO\  ƫJLQVHFW RQ QHZO\ HPHUJHG
DGXOW IHPDOHV $ TXDOLWDWLYH DQG TXDQWLWDWLYH
DQDO\VLV RI HFG\VWHURLGV IURP SRROHG IUHVKO\ ODLG
HJJV ZDV PDGH E\ DQ HQ]\PHLPPXQRDVVD\ (,$
XVLQJ WZR VSHFLILF DQWLERGLHV WKH UDW PRQRFORQDO
(&  DQWLERG\ VKRZLQJ D KLJK DIILQLW\ IRU
K\GUR[\HFG\VRQH ( DQG WKH UDEELW
SRO\FORQDO % DQWLERG\ ZLWK D VWURQJ DIILQLW\ IRU
HFG\VRQH ( (,$ PHDVXUHPHQWV UHYHDOHG WKH
SUHVHQFH RI WZR PDLQ KRUPRQHV LQ FRQWURO DQG
WUHDWHG VHULHV ( DQG ( ( ZDV WKH PDMRU
KRUPRQH LQ DOO H[WUDFWV IURP FRQWURO DQG WUHDWHG
VHULHV ±  ,Q DGGLWLRQ WKH FRQMXJDWHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH HFG\VWHURLGV ZHUH SUHGRPLQDQW LQ PHDOZRUP
HJJV +DORIHQR]LGH LQFUHDVHG WKH DPRXQWV RI ERWK
WRWDO DQG IUHH HFG\VWHURLGV DQG ( 0RUHRYHU
.. UHGXFHG WKH DPRXQWV RI WRWDO HFG\VWHURLGV
DQG LQFUHDVHG WKH DPRXQW RI IUHH HFG\VWHURLGV DV
FRPSDUHG WR FRQWURO VHULHV +RZHYHU .. KDG
QRVLJQLILFDQWHIIHFWLQWKHKRUPRQDOFRPSRVLWLRQ










7KH KHWHURGLPHU RI WKH HFG\VWHURLG UHFHSWRU
(F5 DQG 8OWUDVSLUDFOH 8VS LV FRQVLGHUHG DV WKH
IXQFWLRQDO HFG\VWHURLG UHFHSWRU ZKLFK ELQGV WR
WKH HFG\VRQH UHVSRQVH HOHPHQWV RQ '1$ DQG
PRGXODWHV WKH DFWLYLW\ RI KRUPRQH GHSHQGHQW
JHQHV 7KH LQWUDFHOOXODU GLVWULEXWLRQ RI (F5 DQG
8VS ZDV LQYHVWLJDWHG 8VS LV ORFDOLVHG DOPRVW
H[FOXVLYHO\ LQ WKH QXFOHXV ZKHUHDV (F5 LV
REVHUYHG LQ WKH QXFOHXV DQG F\WRSODVP 1LHYD & HW
DO  %LRO &KHP  ± +HUH ZH
DQDO\VHG WKH PHFKDQLVPV ZKLFK UHJXODWH
LQWUDFHOOXODU WUDIILFNLQJ RI WKHVH QXFOHDU UHFHSWRUV
&RLPPXQRSUHFLSLWDWLRQ RI (F5 DQG 8VS ZLWK
WUDQVSRUW SURWHLQV ZHUH SHUIRUPHG LQ YHUWHEUDWH
FHOO OLQHV ZKLFK GR QRW FRQWDLQ HQGRJHQRXV (F5
DQG 8VS (F5 DQG 8VS LQWHUDFW ZLWK NDU\RSKHULQ
Ơ  5FK DOVR LQ WKH DEVHQFH RI WKH
KHWHURGLPHUL]DWLRQ SDUWQHU ZKLFK LQGLFDWHV WKDW
ERWK UHFHSWRUV FDQ EH WUDQVSRUWHG LQWR WKH
QXFOHXV LQGHSHQGHQWO\ :H VKRZHG DOVR WKDW
QXFOHDU H[SRUW RI (F5 EXW QRW 8VS LQYROYHV
ELQGLQJ RI H[SRUWLQ  &50 ZKLFK LV LQ
DFFRUGDQFH ZLWK WKH IDFW WKDW (F5 LV GLVWULEXWHG
EHWZHHQ F\WRSODVP DQG QXFOHXV ZKHUHDV 8VS LV
H[FOXVLYHO\ SUHVHQW LQ WKH QXFOHXV $GGLWLRQDO
H[SHULPHQWV VXJJHVW WKDW 8VS FDQ ZHDNHQ WKH
LQWHUDFWLRQ EHWZHHQ (F5 DQG H[SRUWLQ DQG
UHQGHU WKH HFG\VWHURLG UHFHSWRU LQDFFHVVLEOH WR
H[SRUWLQ UHVXOWLQJ LQ DOPRVW H[FOXVLYHO\ QXFOHDU
ORFDOLVDWLRQ RI WKH KHWHURGLPHULF FRPSOH[ 7KH
UHVXOWV LQGLFDWH WKDW GLIIHUHQW LQWUDFHOOXODU
ORFDOL]DWLRQ RI (F5 DQG 8VS LV DFKLHYHG E\
GLIIHUHQFHVLQWKHQXFOHDUH[SRUWPHFKDQLVP
1XFOHRF\WRSODVPLF VKXWWOLQJ
RI WKH HFG\VWHURLG UHFHSWRU
DQGRIXOWUDVSLUDFOH
%HWDQVND . 1LHYD & 5XII + &URQDXHU 09
6SLQGOHU.'





,PSRUW DQG H[SRUW RI HFG\VWHURLG UHFHSWRU (F5
DQG XOWUDVSLUDFOH 8VS ZHUH LQYHVWLJDWHG LQ
YHUWHEUDWH FHOOV XVLQJ IXVLRQV ZLWK IOXRUHVFHQW
SURWHLQV 1XFOHRF\WRSODVPLF VKXWWOLQJ RI (F5 DQG
8VS DUH UHJXODWHG GLIIHUHQWLDOO\ %RWK
KHWHURGLPHUL]DWLRQ SDUWQHUV FDQ EH LPSRUWHG
VHSDUDWHO\ EXW WR GLIIHUHQW GHJUHHV 8VS DSSHDUV
QHDUO\ H[FOXVLYHO\ LQ WKH QXFOHXV ZKHUHDV (F5 LV
GLVWULEXWHG KHWHURJHQHRXVO\ EHWZHHQ F\WRSODVP
DQG QXFOHXV 1LHYD HW DO  %LRO &KHP
± 7KH LPSRUW RI (F5 LV VWURQJO\
SURPRWHG E\ 8VS DQGRU E\ OLJDQG 7KH LPSRUW LV
PHGLDWHG E\ NDU\RSKHULQ Ơ LPSRUWLQ Ơ ZKLFK
IRUPV D FRPSOH[ ZLWK (F5 DQG 8VS 7KLV LPSRUW LV
HQHUJ\GHSHQGHQW DQG FDQ EH PHGLDWHG E\ WKH
VPDOO *SURWHLQ 5$1 SUHVHQW LQ WKH FHOOV &50
H[SRUWLQ  FDQ EH FRLPPXQRSUHFLSLWDWHG ZLWK
(F5 ([SRUW FDQ EH LQKLELWHG VSHFLILFDOO\ E\
OHSWRP\FLQ % 0XWDWLRQDO DQDO\VLV FRQILUPV WKDW
H[SRUW RI (F5 LV H[SRUWLQGHSHQGHQW DQG
PHGLDWHG E\ KHOL[  RI WKH OLJDQG ELQGLQJ GRPDLQ
RI (F5 8VS QHDUO\ H[FOXVLYHO\ ORFDOL]HG LQ QXFOHL
GRHV QRW LQWHUDFW ZLWK H[SRUWLQ
+HWHURGLPHUL]DWLRQ RI (F5 ZLWK 8VS UHGXFHV
H[SRUWLQ ELQGLQJ WR (F5 FRQVLGHUDEO\  IROG
ZKLFK LV LQ DFFRUGDQFH ZLWK WKH SUHGRPLQDQW
QXFOHDU ORFDOL]DWLRQ RI (F58VS (F5 DQG 8VS
SUHVHQW LQ QXFOHL GR QRW LQWHUDFW ZLWK '1$
+RUPRQH RU KHWHURGLPHUL]DWLRQ SURPRWHV '1$
ELQGLQJ DV VKRZQ E\ GHVWUXFWLRQ RI =QILQJHUV
ZLWK 12 ,Q FRQFOXVLRQ QXFOHDU ORFDOL]DWLRQ RI
(F5 LV UHJXODWHG E\ QXFOHDU H[SRUW DQG LV
PRGLILHG E\ KHWHURGLPHUL]DWLRQ ZLWK 8VS
,QWHUDFWLRQ ZLWK '1$ DIIRUGV KRUPRQH RU D
KHWHURGLPHUL]DWLRQ SDUWQHU DQG LV PHGLDWHG
PDLQO\E\WKH&GRPDLQRI(F5
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 6WUXFWXUHIXQFWLRQ VWXGLHV RI
WKH HFG\VRQH UHFHSWRU DQG LWV
SDUWQHU8OWUDVSLUDFOH
%LOODV ,0/ ,ZHPD 7 %HFN < 1LHUHQJDUWHQ +
%URZQLQJ&0LWVFKOHU$0RUDV'





7KH HFG\VRQH UHFHSWRU (F5 LV WKH PROHFXODU WDUJHW
RI HFG\VWHURLGV WKH LQVHFW DQG FUXVWDFHDQ VWHURLG
KRUPRQHV (F5 IXQFWLRQV DV D KHWHURGLPHU ZLWK
WKH 8OWUDVSLUDFOH SURWHLQ 863 WKH KRPRORJ RI WKH
UHWLQRLG ; UHFHSWRU 5;5 7KH VWUXFWXUHV RI
(F5863 OLJDQG ELQGLQJ GRPDLQV /%'V RI WKH
PRWK +HOLRWKLV YLUHVFHQV LQ FRPSOH[ ZLWK
HFG\VWHURLGV DQG ZLWK V\QWKHWLF ELVDF\OK\GUD]LQH
OLJDQGV ZLOO EH SUHVHQWHG DQG GLVFXVVHG
5HPDUNDEO\ ZH REVHUYH DQ LQGXFHG ILW EHWZHHQ
UHFHSWRU DQG OLJDQG ZLWK GLIIHUHQW DQG RQO\
SDUWLDOO\ RYHUODSSLQJ OLJDQG ELQGLQJ SRFNHWV
FRUUHVSRQGLQJ WR WKH WZR FODVVHV RI FRPSRXQGV
)XUWKHUPRUH ZH UHFHQWO\ VROYHG WKH VWUXFWXUH RI
(F5863 /%'V RI D GLIIHUHQW LQVHFW VSHFLHV WKH
UHG IORXU EHHWOH 7ULEROLXP FDVWDQHXP :KLOH WKH
/%' VHTXHQFH RI 7ULEROLXP (F5 LV FORVHO\ UHODWHG
WR WKDW RI +HOLRWKLV (F5 WKH /%' VHTXHQFH RI LWV
863 LV FORVHU WR KXPDQ 5;5 WKDQ WR +HOLRWKLV
863 $FFRUGLQJO\ WKH 7ULEROLXP (F5863
KHWHURGLPHU LQWHUIDFH LV PRUH VLPLODU WR WKDW
REVHUYHG IRU YHUWHEUDWH KHWHURGLPHUV VXFK DV
5$55;5 RU /;55;5 WKDQ WR WKH +HOLRWKLV
(F5863 LQWHUIDFH 0DMRU VWUXFWXUDO GLIIHUHQFHV
DUH REVHUYHG IRU 7ULEROLXP 863 FRPSDUHG WR
+HOLRWKLV 863 )XQFWLRQDO LQ YLWUR DQG LQ YLYR
DVVD\V ZHUH XQGHUWDNHQ WR YDOLGDWH WKH VWUXFWXUDO
REVHUYDWLRQV 7KHVH UHVXOWV RQ 863 KDYH JHQHUDO
LPSOLFDWLRQV RQ IXQGDPHQWDO DVSHFWV RI QXFOHDU
UHFHSWRU HYROXWLRQ DQG WKH UROH RI 5;5 DQG 863
DVXELTXLWRXVKHWHURGLPHUL]DWLRQSDUWQHU
,QWHUDFWLRQ RI (F58VS ZLWK
'1$
%UDXQ 6 )DXWK 7 %HDWW\ - +HQULFK 9&
6SLQGOHU%DUWK0
'HSW RI *HQHUDO =RRORJ\ DQG (QGRFULQRORJ\
8QLYHUVLW\RI8OP8OP*HUPDQ\
,QVWLWXWH IRU +HDOWK 6FLHQFH DQG 6RFLHW\ 




,QWHUDFWLRQ RI (F58VS ZLWK KRUPRQH UHVSRQVLYH
HOHPHQWV LV D SUHUHTXLVLWH IRU HFG\VWHURLG
GHSHQGHQG WUDQVDFWLYDWLRQ +RZHYHU
WUDQVDFWLYWLRQ SRWHQF\ LV QRW LQ DFFRUGDQFH ZLWK
WKH DIILQLW\ RI WKH HFG\VRQH UHFHSWRU FRPSOH[ WR
'1$ :H VWXGLHG WKH LQWHUDFWLRQ RI (F5 LVRIRUPV
8VS YDULDQWV XVHG LQ WUDQVDFWLYDWLRQ VWXGLHV WR
HOXFLGDWH WKH '1$ ELQGLQJ RI WKH HFG\VRQH
UHFHSWRU FRPSOH[HV LQ PRUH GHWDLO :H XVHG WKUHH
GLIIHUHQW 8VS YDULDQWV DOO RI WKHP IXVHG WR D 93
DFWLYDWLRQ GRPDLQ LQVWHDG RI WKH RULJLQDO 8VS $%
GRPDLQ 8VS , FRQWDLQV DQ DGGLWLRQDO KH[DSHSWLGH
RI WKH 8VS % GRPDLQ 8VS ,, FRQVLVWV RQO\ RI WKH
93  DFWLYDWLRQ GRPDLQ DQG & WR ) GRPDLQ RI
8VS LQ 8VS ,,, WKH & GRPDLQ LV GHOHWHG 7KH (F5
LVRIRUPV DORQH GR QRW LQWHUDFW ZLWK KVS LQ WKH
DEVHQFH RI KRUPRQH 1R EDQG VKLIW LV REVHUYHG
ZLWK 8VS DORQH )RU WKH (F5 LVRIRUPV DORQH LQ WKH
SUHVHQFH RI PXULVWHURQH $ '1$ ELQGLQJ LV
DIIHFWHG GLIIHUHQWO\ $ ! % ! % $OO
KHWHURGLPHULF FRPSOH[HV RI (F5 LVRIRUPV DQG
8VS YDULDQWV ELQG WR '1$ HYHQ LQ WKH DEVHQFH RI
KRUPRQH 7KH UHODWLYH DIILQLWLHV WR KVS DUH
PRGXODWHG E\ WKH $% GRPDLQ RI (F5 DQG WKH %
DQG &GRPDLQV RI 8VS (F5 % ! (F5 $ ! (F5
% ,Q WKH SUHVHQFH RI KRUPRQH '1$ ELQGLQJ LV
UHGXFHG E\ WKH KH[DSHSWLGH DGMDFHQW WR WKH
&GRPDLQ RI 8VS IRU KHWHURGLPHUV ZLWK DOO (F5
LVRIRUPV 'HOHWLRQ RI WKH &GRPDLQ RI 8VS
UHGXFHV '1$ ELQGLQJ LQ WKH SUHVHQFH RI KRUPRQH
IRUWKHLVRIRUPV%DQG%EXWQRWIRU(F5$










-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 7ZR IXUWKHU VWUXFWXUHV RI WKH KHWHURGLPHU
(F5863 /%'V RI WKH PRWK +HOLRWKLV YLUHVFHQV
KDYH EHHQ VROYHG LQ FRPSOH[ ZLWK WZR RWKHU
ELVDF\OK\GUD]LQH LQVHFWLFLGH FRPSRXQGV 7KH
VWUXFWXUHV RI (F5863 LQ FRPSOH[ ZLWK WKHVH
PROHFXOHV DUH VLPLODU WR WKH VWUXFWXUH RI (F5863
ERXQG WR %<, %LOODV ,0/ HW DO 
1DWXUH  ± 6LPLODUO\ WKH ELQGLQJ PRGHV
DQG SURWHLQOLJDQG LQWHUDFWLRQV DUH FRPSDUDEOH
ZKLFK EULQJ DERXW WKH VWUXFWXUDO GLIIHUHQFH LQ (F5
DV FRPSDUHG WR WKH SRQDVWHURQH $ ERXQG
+Y(F5863 VWUXFWXUH 7KHVH WZR QHZ VWUXFWXUHV
H[HPSOLI\ WKH HYLGHQFH WKDW (F5 XQGHUJRHV D
UHPDUNDEOH VWUXFWXUDO PRGLILFDWLRQ LQ RUGHU WR
ELQGELVDF\OK\GUD]LQHOLJDQ
6WUXFWXUDO DQG FRPSXWDWLRQDO
VWXGLHV RI (F5863 ERXQG WR
LWV QDWXUDO OLJDQG
K\GUR[\HFG\VRQH
%URZQLQJ & /RFK & 0DUWLQ ( :XUW] -0
'HMDHJHUH$6WRWH50RUDV'%LOODV,0/





7R GDWH WKH (F5863 /%' KHWHURGLPHU VWUXFWXUH
KDV RQO\ EHHQ SXEOLVKHG ZLWK WKH
SK\WRHFG\VWHURLG SRQDVWHURQH $ SRQ$ %LOODV
,0/ HW DO  1DWXUH  ± +RZHYHU
IRU PRVW LQVHFWV DQG DUWKURSRGV WKH DFWLYH
HFG\VWHURLG LV K\GUR[\HFG\VRQH ( ZKLFK LV
LGHQWLFDO WR SRQ$ H[FHSW WKDW LW FRQWDLQV D
K\GUR[\O JURXS DW WKH & SRVLWLRQ :H ZLOO
SUHVHQW DQG GLVFXVV WKH (F5863 /%'
KHWHURGLPHU LQ FRPSOH[ ZLWK WKH QDWXUDO OLJDQG
( &RPSXWDWLRQDO VWXGLHV ZHUH DOVR SHUIRUPHG
EDVHG RQ WKH FU\VWDOORJUDSKLF VWUXFWXUHV ZKLFK







,QVWLWXWH RI %LRORJ\ 5XVVLDQ $FDGHP\ RI 6FLHQFHV




:H FDUULHG RXW LQYHVWLJDWLRQ RI LQGLYLGXDO
YDULDELOLW\ RI 6DOHQH WDWDULFD RQ
K\GUR[\HFG\VRQH DFFXPXODWLRQ OHYHOV 7KH
VHYHUDO SUREOHPV RI VWXGGLQJ SODQW VHFRQGDU\
PHWDEROLWH LQGLYLGXDO YDULDELOLW\ LQ QDWXUDO
SRSXODWLRQ ZHUH UHVROYHG %DVLF GHVFULSWLRQ
VWDWLVWLFV K\GUR[\HFG\VRQH (
DFFXPXODWLRQ OHYHOV LQ SODQWV RI 6 WDWDULFD
SRSXODWLRQ ZDV GHWHUPLQHG 7KH FRUUHODWLRQ
EHWZHHQ ( DFFXPXODWLRQ LQ IORZHUV DQG OHDYHV
RI 6 WDWDULFD ZDV UHYHDOHG 6WURQJ FRUUHODWLRQ
EHWZHHQ ( FRQFHQWUDWLRQV LQ JHQHUDWLYH RUJDQV
DQG WKH PDVV RI WKLV RUJDQV ZDV GHWHFWHG ,W ZDV
VKRZQ WKDW WKHUH LV KLJK ( OHYHO YDULDELOLW\ HYHQ
DPRQJ SODQWV ZLWK VDPH VWDJH RI JURZWK 2XU
UHVXOWV ZHOO FRUUHVSRQG ZLWK WKHRUHWLFDO PRGHO RI
SODQWLQVHFW LQWHUDFWLRQ SURSRVHG E\ .DUEDQ HW DO
 7KLV PRGHO VKRZHG WKDW YDULDELOLW\ FDQ
GHFUHDVH KHUELYRUH SHUIRUPDQFH LI KHUELYRUH
SHUIRUPDQFH LV D FRQFDYH IXQFWLRQ RI WKH OHYHO RI
UHVLVWDQFH ,Q SDUWLFXODU LI KHUELYRUHV FDQ FKRRVH
DPRQJ GLIIHUHQW SODQWV DQG SODQW WLVVXHV WKHQ
KLJK OHYHO RI YDULDELOLW\ PD\ EHQHILW SODQWV XQGHU
DWWDFN DQG KHQFH PD\ EH IDYRUHG E\ VHOHFWLRQ
7KLV UHVHDUFK ZDV VXSSRUWHG E\ D JUDQW IURP WKH
3URJUDP RI FROODERUDWLRQ EHWZHHQ 8UDO DQG
6LEHULDQ 'LYLVLRQV RI 5XVVLDQ $FDGHP\ RI
6FLHQFHV3URMHFW1
,V WKH QHXURSHSWLGH SUHFXUVRU
13/3LQYROYHGLQHFG\VLV"
&KHQ ; 9HUOH\HQ 3 &O\QHQ ( 0HUWHQV ,+ X D
<-6FKRRIV/
/DERUDWRU\ RI 'HYHORSPHQWDO 3K\VLRORJ\
*HQRPLFV DQG 3URWHRPLFV .8/HXYHQ /HXYHQ
%HOJLXP




$ SLRQHHU SHSWLGRPLFV H[SHULPHQW E\ %DJJHUPDQ
HW DO  -%& ± UHYHDOHG QRYHO
SHSWLGHV LQ WKH ODUYDO FHQWUDO QHUYRXV V\VWHP RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WKH IUXLW IO\ 'URVRSKLOD PHODQRJDVWHU 7KUHH RI
WKHVH SHSWLGHV QDPHG 07<DPLGH ,31DPLGH DQG
1$3 SHSWLGH EHORQJ WR WKH VDPH SUHFXUVRU ZKLFK
ZDV DQQRWDWHG LQ WKH IO\EDVH DV &* DQG
GHVLJQDWHG DV QHXURSHSWLGH OLNH SUHFXUVRU
13/3 6LQFH QR KRPRORJXHV RI 13/3 DUH
NQRZQ DQG WKH SHSWLGHV ZHUH QRW VHTXHQFHG
IROORZLQJ D WUDGLWLRQDO SXULILFDWLRQ PRQLWRUHG E\ D
ELRDVVD\ WKHUH ZDV QR LQGLFDWLRQ WRZDUGV D
SK\VLRORJLFDO UROH IRU 13/3 %\ PHDQV RI VSHFLILF
DQWLVHUD WKH GLVWULEXWLRQ SDWWHUQ RI WKHVH  13/3
SHSWLGHV LQ WKH FHQWUDO QHUYRXV V\VWHP RI WKH IUXLW
IO\ ZDV VWXGLHG $OO WKUHH SHSWLGHV DSSHDU WR EH
SUHVHQW LQ  FHOOV WKURXJKRXW WKH WKRUDFLF DQG
DEGRPLQDO JDQJOLD 9HUOH\HQ 3 HW DO 
-RXUQDO RI 1HXURFKHPLVWU\  ± %DVHG
RQ WKLV ORFDOLVDWLRQ LW EHFDPH FOHDU WKDW 13/3
SHSWLGHV DUH SURGXFHG E\ WKH  VRFDOOHG $SOHW
FHOOV 7KHVH $SOHW FHOOV H[SUHVV D XQLTXH
FRPELQDWLRQ RI SURKRUPRQH FRQYHUWLQJ HQ]\PHV
DPRQJ ZKLFK 3& %HFDXVH DQLPDOV GHILFLHQW LQ
WKLV 3& VKRZ DQ DEQRUPDO ODUYDO HFG\VLV
SKHQRW\SH D UROH IRU 13/3 LQ HFG\VLV ZDV
SURSRVHG 3DUN '. HW DO  'HYHORSPHQWDO
%LRORJ\  ± ,Q DGGLWLRQ P51$ OHYHOV
RI 13/3 LQFUHDVH VLJQLILFDQWO\ EHIRUH SXSDULDWLRQ
$UEHLWPDQ 01 HW DO  6FLHQFH 
± ,Q RUGHU WR LQYHVWLJDWH WKH UROH RI
13/3 LQ HFG\VLV DQGRU SXSDULDWLRQ ZH LQLWLDWHG
WKH LGHQWLILFDWLRQ RI WKH 13/3 SUHFXUVRU LQ WKH
IOHVK IO\ 1HREHOOLHULD 6DUFRSKDJD EXOODWD 7KLV
IO\ LV FORVHO\ UHODWHG WR WKH IUXLW IO\ DQG EHFDXVH RI
LWV ODUJHU VL]H DQ LGHDO PRGHO IRU UHVHDUFK RQ WKH
SK\VLRORJ\ RI GHYHORSPHQW DQG PHWDPRUSKRVLV
7KH VDPH VSHFLHV ZDV HJ XVHG WR VWXG\ WKH
FRUUHODWHG HIIHFWV RI HFG\VRQH DQG SXSDULDWLRQ
IDFWRUV =GDUHN - DQG )UDHQNHO * 
3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV
86$  ± %\ PHDQV RI ZKROH PRXQW
LPPXQRF\WRFKHPLVWU\ ZLWK WKH  DQWLVHUD UDLVHG
DJDLQVW WKH 'URVRSKLOD SHSWLGHV ZH GHWHFWHG DQ
LGHQWLFDO GLVWULEXWLRQ SDWWHUQ LQ WKH FHQWUDO
QHUYRXV V\VWHP RI 1HREHOOLHULD %\ DIILQLW\
SXULILFDWLRQ DQG PDVV VSHFWURPHWU\ ZH WULHG WR
VHTXHQFH WKH  1HREHOOLHULD 13/3 KRPRORJXHV
%HFDXVH ZH REWDLQHG RQO\  SDUWLDO VHTXHQFH WKH
FORQLQJ RI WKH 1HREHOOLHULD 13/3 SUHFXUVRU ZDV
LQLWLDWHG YLD D 5$&( 3&5 SURWRFRO 0RVW SDUW RI
WKH F'1$ RI 13/3 FRXOG EH FORQHG DOORZLQJ XV
WR SUHGLFW DQG YHULI\ WKH SHSWLGHV E\ PDVV
VSHFWURPHWU\ 7KH WZR PRVW DEXQGDQW SHSWLGHV
341DPLGH DQG 0*<DPLGH ZHUH V\QWKHVL]HG DQG
ZLOO EH XVHG LQ D YDULHW\ RI ELRDVVD\V $W OHDVW LQ
WKH SXSDULDWLRQ DVVD\ QR VLJQLILFDQW LQIOXHQFH
FRXOG EH REVHUYHG :H SODQ DGGLWLRQDO
H[SHULPHQWV LQ WKH IXWXUH WR HVWDEOLVK SRWHQWLDO
HIIHFWVRI13/3RQHFG\VLVDQGHFG\VRQHOHYHOV
K\GUR[\HFG\VRQH MXYHQLOH
KRUPRQH DQG UHSURGXFWLRQ LQ
Drosophila virilis XQGHU
QXWULWLRQDOVWUHVV
&KHQWVRYD 1$ *UXQWHQNR 1( .DUSRYD (.
$GRQ\HYD19%RZQHV05DXVFKHQEDFK,<X
,QVWLWXWH RI &\WRORJ\ DQG *HQHWLFV 6' 5$6
1RYRVLELUVN5XVVLD




7LWUH RI K\GUR[\HFG\VRQH ( PHWDEROLVP
RI MXYHQLOH KRUPRQH -+ RRJHQHVLV DQG
IHFXQGLW\ KDYH EHHQ VWXGLHG XQGHU VWDUYDWLRQ DQG
XSRQ ( DQG -+ WUHDWPHQW LQ ZLOG W\SH IHPDOHV
RI 'URVRSKLOD YLULOLV $ KRXU VWDUYDWLRQ KDV
EHHQ VKRZQ WR OHDG WR L DQ LQFUHDVH RI ( WLWUH
LL D GHFUHDVH RI -+ GHJUDGDWLRQ DQ LQFUHDVH RI
LWV OHYHO LLL D GURS RI WKH WRWDO QXPEHU RI
RRF\WHV RI VWDJHV ± LY GHJUDGDWLRQ RI HDUO\
YLWHOORJHQLF RRF\WHV RI VWDJHV ± Y D GHOD\ RI
RRF\WH WUDQVIHU WKURXJK VWDJH  YL
DFFXPXODWLRQ RI PDWXUH HJJV YLL KRXU
RYLSRVLWLRQ DUUHVW YLLL D GHFUHDVH RI IHFXQGLW\
IRU D IHZ GD\V DIWHU RYLSRVLWLRQ UHVXPSWLRQ 7KHVH
GDWD VXJJHVW WKDW 'URVRSKLOD KDV D XQLILHG
PHFKDQLVP RI UHVSRQVH RI WKH UHSURGXFWLYH
V\VWHP WR WKH DFWLRQ RI VWUHVV IDFWRUV RI YDULRXV
RULJLQV EHFDXVH HDUOLHU ZH VKRZHG WKH VDPH
UHVSRQVH RI ' YLULOLV UHSURGXFWLYH V\VWHP WR KHDW
VWUHVV *UXQWHQNR 1 HW DO  ,QVHFW 0RO %LRO
 ± :H GHPRQVWUDWH WKDW -+ WUHDWPHQW
WKH KRUPRQH DSSOLFDWLRQ RI IHG IOLHV DUUHVWV
RYLSRVLWLRQ IRU  KUV EXW GRHV QRW GHFUHDVH
IHFXQGLW\ DIWHU RYLSRVLWLRQ VWDUWV DJDLQ (
WUHDWPHQW RI IHG IOLHV DGGLWLRQ RI WKH KRUPRQH WR
QXWULHQW PHGLXP GRHV QRW UHVXOW LQ RYLSRVLWLRQ
DUUHVW EXW GHFUHDVHV IHFXQGLW\ IRU D IHZ GD\V
7KHVH GDWD FRQILUP RXU SUHYLRXV FRQFOXVLRQ
*UXQWHQNR 1 HW DO  ,QVHFW 0RO %LRO 
± WKDW DQ LQFUHDVH RI ( WLWUH XQGHU
VWUHVV UHVXOWV LQ WKH GHJUDGDWLRQ RI YLWHOORJHQLF
RRF\WHV DQG D IHFXQGLW\ GHFUHDVH ZKLOH DQ
LQFUHDVH RI -+ WLWUH OHDGV WR RYLSRVLWLRQ DUUHVW DQG
DFFXPXODWLRQ RI PDWXUH HJJV -+ DSSOLFDWLRQ WR
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IHPDOHV SULRU WR VWDUYDWLRQ KDV EHHQ VKRZQ WR OHDG
WR DQ LQFUHDVH LQ IHFXQGLW\ ZLWKLQ WKH ILUVW  KUV
DIWHU WKH HQG RI VWDUYDWLRQ ZKLFK DJUHHV ZHOO ZLWK
WKH GDWD RI 6ROOHU 0 HW DO  'HY %LRO 
± ZKR VKRZHG WKDW -+ SURWHFWHG HDUO\
YLWHOORJHQLF RRF\WHV IURP (LQGXFHG UHVRUSWLRQ
$Q H[SHULPHQWDO ULVH RI ( WLWUH XQGHU VWDUYDWLRQ
KDV EHHQ VKRZQ WR LQWHQVLI\ WKH QHJDWLYH HIIHFW RI
WKH QXWULWLRQDO VWUHVV RQ IHFXQGLW\ 7KH ZRUN ZDV
VXSSRUWHG E\ 5)%5 JUDQWV  




WUDQVFULSW OHYHOV E\ MXYHQLOH
KRUPRQH DQG
K\GUR[\HFG\VRQH
&ODH\V , 6LPRQHW * %UHXJHOPDQV % %DGLVFR /
'H/RRI$9DQGHQ%URHFN-
.8/HXYHQ 'HSDUWPHQW RI %LRORJ\ =RRORJLFDO
,QVWLWXWH /DERUDWRU\ RI 'HYHORSPHQWDO %LRORJ\




1HXURSDUVLQV 13V DUH VPDOO SURWHLQV WKDW ZHUH
RULJLQDOO\ GLVFRYHUHG LQ WKH SDUV LQWHUFHUHEUDOLV 
FRUSXV FDUGLDFXP QHXURVHFUHWRU\ FRPSOH[ RI WKH
PLJUDWRU\ ORFXVW EUDLQ 13V DUH EHOLHYHG WR H[KLELW
DQWLMXYHQLOH DQWLGLXUHWLF K\SHUJO\FHPLF
K\SHUOLSHPLF DQG QHXULWRJHQLF DFWLYLWLHV LQ WKH
PLJUDWRU\ ORFXVW /RFXVWD PLJUDWRULD )URP WKH
GHVHUW ORFXVW 6FKLVWRFHUFD JUHJDULD ZH UHFHQWO\
FORQHG IRXU GLIIHUHQW WUDQVFULSWV HDFK FRGLQJ IRU D
GLVWLQFW 13UHODWHG SHSWLGH 7KH GHGXFHG DPLQR
DFLG VHTXHQFHV UDQJH LQ OHQJWK EHWZHHQ  DQG
 UHVLGXHV DQG GLIIHU IURP HDFK RWKHU LQ WKHLU
FDUER[\WHUPLQDO KDOYHV ,Q DGGLWLRQ ORFXVW
QHXURSDUVLQV GLVSOD\ VHTXHQFH VLPLODULWLHV ZLWK
UHODWHG SHSWLGHV LQ D YDULHW\ RI RWKHU DUWKURSRG
VSHFLHV DV ZHOO DV ZLWK WKH FRQVHUYHG 1WHUPLQDO
SDUW RI YHUWHEUDWH ,*)ELQGLQJ SURWHLQV ,*)%3
WKDW VHUYHV DV D SURWHLQSURWHLQ LQWHUDFWLRQ
PRGXOH UHVSRQVLEOH IRU JURZWK IDFWRU ELQGLQJ ,Q
DGGLWLRQ WR WKH EUDLQ VRPH 13OLNH SUHFXUVRU
6FJ133 WUDQVFULSWV DOVR RFFXU LQ D QXPEHU RI
SHULSKHUDO WLVVXHV DQG WKHLU H[SUHVVLRQ OHYHOV DUH
FRQWUROOHG LQ D JHQGHU DQG VWDJHGHSHQGHQW
PDQQHU 3UHYLRXV VWXGLHV UHYHDOHG D FORVH
FRUUHODWLRQ EHWZHHQ 13 WUDQVFULSW OHYHOV DQG WKH
JRQRWURSKLF F\FOH :H GHPRQVWUDWH WKDW FHUWDLQ
13 WUDQVFULSW OHYHOV DUH VLJQLILFDQWO\ DOWHUHG XSRQ
LQMHFWLRQ RI MXYHQLOH KRUPRQH -+ RU
K\GUR[\HFG\VRQH ( LQ DGXOW JUHJDULRXV
GHVHUW ORFXVWV ILYH GD\V DIWHU ILQDO HFG\VLV :KLOH
6FJ133 WUDQVFULSW OHYHOV GLG QRW VLJQLILFDQWO\
FKDQJH DV D UHVXOW RI KRUPRQH WUHDWPHQW DQLPDOV
ZHUH DQDO\]HG K DIWHU LQMHFWLRQ 6FJ133
6FJ133 DQG 6FJ133 GLVSOD\HG
KRUPRQHGHSHQGHQW UHJXODWLRQ LQ YDULRXV WLVVXHV
6FJ133 DQG 6FJ133 WUDQVFULSW OHYHOV
VLJQLILFDQWO\ LQFUHDVHG LQ WKH EUDLQ RI -+WUHDWHG
ORFXVWV ,Q DGGLWLRQ -+ LQGXFWLRQ RI 6FJ133
DQG 6FJ133 WUDQVFULSWV ZDV REVHUYHG LQ PDOH
IDW ERG\ DQG LQ PDOH DQG IHPDOH JRQDGV
)XUWKHUPRUH ( LQMHFWLRQ DOVR LQGXFHG
6FJ133 6FJ133 DQG 6FJ133 WUDQVFULSWV
LQ GHVHUW ORFXVW JRQDGV 7KLV LV WKH ILUVW WLPH
13OLNH SUHFXUVRU JHQH H[SUHVVLRQ LV VKRZQ LQ
LQVHFW RYDULHV 2XU VWXG\ LQGLFDWHV WKDW WKH
H[SUHVVLRQ OHYHOV RI VRPH ORFXVW 13 WUDQVFULSWV
DUH UHJXODWHG E\ GHYHORSPHQWDO KRUPRQHV
VXJJHVWLQJ D FORVH FRUUHODWLRQ EHWZHHQ 13
H[SUHVVLRQ DQG WKH HQGRFULQH FRQWURO RI WKH
UHSURGXFWLYHF\FOH
1HZ SK\WRHFG\VWHURLGV IURP




'HSDUWDPHQW GH 4XtPLFD 2UJjQLFD %LROzJLFD
,QVWLWXW G¶,QYHVWLJDFLRQV 4XtPLTXHV L $PELHQWDOV
GH %DUFHORQD ³-RVHS 3DVFXDO 9LOD´ &6,& -
*LURQD%DUFHORQD6SDLQ
/DERUDWRU\ RI ,QVHFW 7R[LFRORJ\ 6RXWK &KLQD




7KH ODELDWDH $MXJD QLSSRQHQVLV 0DNLQR LV
ZLGHVSUHDG LQ &KLQD DQG LV XVHG LQ VHULFXOWXUH
EHFDXVH RI LWV K\GUR[\HFG\VRQH ( FRQWHQW
+RZHYHU ODUJH VFDOH H[WUDFWLRQ LQ IDFWRULHV ZLWK
PDWHULDOV FROOHFWHG LQ GLIIHUHQW JURZLQJ ORFDWLRQV
DQG VHDVRQV UHVXOWHG LQ D YDULHG FRQWHQW RI (
,Q VRPH RI WKH DQDO\]HG SODQWV ( ZDV QRW IRXQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH HLWKHU DV PDMRU QHLWKHU DV PLQRU HFG\VWHURLG ,W
ZDV DOVR UHSRUWHG WKHQ WKDW LQ RUGHU WR REWDLQ D
VXVWDLQDEOH VRXUFH RI SODQW PDWHULDO IRU (
H[WUDFWLRQ D VHOHFWLRQ RI WKH FXOWLYDWHG YDULHW\
DQG DSSURSULDWH KDUYHVWLQJ WLPH DSSHDUHG
QHFHVVDU\ 7KH SODQW VSHFLHV JURZLQJ LQ
/,76&$8 JDUGHQ ZDV UHFHQWO\ UHSRUWHG WR
FRQWDLQ WKUHH PDMRU DQG RQH PLQRU
SK\WRHFG\VWHURLGV QDPHO\ F\DVWHURQH
DMXJDVWHURQH & F\DVWHURQH DFHWDWH DQG
GHK\GURF\DVWHURQH UHVSHFWLYHO\ SRLQWLQJ RXW
D YHU\ GLIIHUHQW SURILOH IRU WKLV &KLQHVH VSHFLHV $
WKRURXJK +3/& DQDO\VLV RI WKH FRQWHQWV RI $
QLSSRQHQVLV UHYHDOHG WKH SUHVHQFH RI WKUHH PLQRU
EDQGV ZLWK WKH H[SHFWHG HFG\VWHURLGOLNH 89
DEVRUSWLRQ DORQJ ZLWK WKRVH SUHYLRXVO\ IRXQG
7KH VWUXFWXUHV RI WKH LVRODWHV ZHUH XQDPELJXRXVO\
HOXFLGDWHG DV QHZ QDWXUDOO\ RFFXUULQJ
SK\WRHFG\VWHURLGV EDVHG RQ H[WHQVLYH 105
VSHFWUDO VWXGLHV RQH DQG WZRGLPHQVLRQDO
H[SHULPHQWV ,5 DQG 06 VSHFWURVFRS\ 2QH RI WKH
QHZ FRPSRXQGV GHK\GURF\DVWHURQH
JOXFRVLGH LV MXVW WKH VHFRQG H[DPSOH RI D &
JOXFRV\O GHULYDWLYH 7KH RWKHU WZR FRPSRXQGV
GLVSOD\HG XQSUHFHGHQWHG DFHWDO IXQFWLRQV LQ WKH
VLGH FKDLQ DQG ZHUH QDPHG DMXJDFHWDOVWHURQH $
DQG%
,V '1$ ELQGLQJ LPSRUWDQW IRU
QXFOHDU ORFDOL]DWLRQ RI WKH
HFG\VRQHUHFHSWRU"
&URQDXHU 0 7UHPPHO &K /DVFKDN 0
6SLQGOHU%DUWK0
'HSDUWPHQW RI *HQHUDO =RRORJ\ DQG





,QWUDFHOOXODU ORFDOL]DWLRQ RI QXFOHDU UHFHSWRU
SURWHLQV LV WKH UHVXOW RI FRQWLQXRXV
QXFOHRSODVPDWLF VKXWWOLQJ ZKLFK PD\ EH VKLIWHG
LQ IDYRXU RI WKH QXFOHXV E\ LQWHUDFWLRQ ZLWK '1$
VLQFH '1$ERXQG SURWHLQV PD\ QRW EH IXOO\
DYDLODEOH WR WKH QXFOHDU H[SRUW PDFKLQHU\ (F5 LV
GLVWULEXWHG EHWZHHQ F\WRSODVP DQG QXFOHXV EXW LV
TXDQWLWDWLYHO\ VKLIWHG WR WKH QXFOHXV LQ WKH
SUHVHQFH RI 8VS 1LHYD & HW DO  %LRO &KHP
 ± 7R VWXG\ WKH LPSDFW RI '1$
ELQGLQJ RQ QXFOHDU ORFDOL]DWLRQ RI (F5 DQG 8VS
ZH VHOHFWLYHO\ GHVWUR\HG WKH ' VWUXFWXUH RI WKH
& GRPDLQ RI ERWK UHFHSWRUV ZLWK QLWULF R[LGH
12 ZKLFK LV NQRZQ WR UHPRYH ]LQF IURP WKH
F\VWHLQH ERQGV LQ D UHYHUVLEOH PDQQHU ZLWKRXW
DIIHFWLQJ WKH DPLQR DFLG VHTXHQFH .U|QFNH .'
HW DO  )$6(% -  ± &URQDXHU 0 HW
DO VXEPLWWHG :KHQ WUDQVIHFWHG VHSDUDWHO\ LQ
YHUWHEUDWH &+2 FHOOV LQ WKH DEVHQFH RI KRUPRQH
(F5 DQG 8VS DOWKRXJK SUHVHQW LQ WKH QXFOHL GR
QRW VLJQLILFDQWO\ LQWHUDFW ZLWK '1$
+RUPRQHELQGLQJ DQGRU KHWHURGLPHUL]DWLRQ
SURPRWH '1$ ELQGLQJ '1$ ELQGLQJ RI WKH
KHWHURGLPHULF FRPSOH[ LV PHGLDWHG PDLQO\ E\ WKH
&GRPDLQ RI (F5 'HOHWLRQ RI WKH & GRPDLQ RI
8VS LV ZLWKRXW HIIHFW XQGHU WKHVH FRQGLWLRQV ,Q
WKLV VWXG\ 12 ZDV XVHG DV DQ H[SHULPHQWDO WRRO
RQO\ ,WV SUHVHQFH DQG IXQFWLRQDO LPSRUWDQFH HJ
GXULQJ GHYHORSPHQW LQ 'URVRSKLOD PHODQRJDVWHU
ULVHV WKH TXHVWLRQ ZKHWKHU UHJXODWLRQ RI '1$
ELQGLQJ RI =QILQJHU SURWHLQV E\ 12 LV DOVR RI
SK\VLRORJLFDO LPSRUWDQFH 7KH WLJKW UHJXODWLRQ RI
12 V\QWKDVH LQ LQVHFWV VXSSRUWV WKLV K\SRWKHVLV
.X]LQ % HW DO  &XUU %LRO  ±
5HJXOVNL0HWDO&XUU%LRO5±
3URGXFWLRQ DQG SXULILFDWLRQ RI
SRO\FORQDO DQWLERGLHV DJDLQVW
HFG\VRQH UHFHSWRU (F5 IURP
WKH VDOLYDU\ JODQG RI Bradysia
hygida
GD6LOYD-$&GH$OPHLGD-&
'HSDUWDPHQWR GH %LRORJLD &HOXODU H 0ROHFXODU




,Q %UDG\VLD K\JLGD 'LSWHUD 6FLDULGDH WKH
VDOLYDU\ JODQGV SUHVHQW WKUHH PRUSKRORJLFDOO\
GLVWLQFW UHJLRQV QDPHG 6 6 DQG 6 $W WKH HQG
RI WKH WKODUYDO LQVWDU LQ 6 DQG 6 UHJLRQV LQ
DERXW HLJKW GLIIHUHQW FKURPRVRPDO VLWHV JHQH
DPSOLILFDWLRQ RFFXUV 7KLV SURFHVV LV WULJJHUHG E\
2+ HFG\VRQH HFG DQG UHVXOWV LQ '1$ SXII
IRUPDWLRQ 7KH DPSOLILHG JHQHV DUH DFWLYDWHG LQ
WZR GLVWLQFW JURXSV WKH DFWLYLW\ RI WKH ILUVW JURXS
LV GHSHQGHQW RQ KLJK OHYHOV RI HFG ZKLOH WKH
DFWLYDWLRQ RI WKH VHFRQG JURXS GHPDQGV YHU\ ORZ
KRUPRQH OHYHOV 6R WKH VDOLYDU\ JODQGV RI
%K\JLGD FRQVWLWXWH DQ LQWHUHVWLQJ ELRORJLFDO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH PRGHO WR VWXG\ WKH IXQFWLRQV RI WKH VWHURLG
KRUPRQH DQG LWV UHFHSWRUV RQ WKH SURFHVVHV RI
JHQH DPSOLILFDWLRQ DQG FRQWURO RI WKH DPSOLILHG
JHQHV DFWLYLW\ ,Q RXU ODERUDWRU\ ZH KDYH GHWHFWHG
WZR PDLQ WUDQVFULSWV IURP %K(F5 JHQH  DQG
 NE LQ WKH VDOLYDU\ JODQGV ,Q SUHYLRXV VWXGLHV
ZH KDYH FORQHG DQG SDUWLDOO\ FKDUDFWHUL]HG F'1$V
IURP ERWK WUDQVFULSWV 7KH PLQRU WUDQVFULSW LV
QRWHZRUWKLO\ WKH PRUH LQWHUHVWLQJ VXEMHFW EHVLGHV
LWV XQXVXDO VPDOO VL]H LW FRGHV IRU D VPDOO SURWHLQ
WKDW SUHVHQWV WKH OLJDQG ELQGLQJ GRPDLQ /%' LQ
D SRVLWLRQ QHYHU GHVFULEHG LQ RWKHU VWHURLG
KRUPRQH UHFHSWRUV LQ UHODWLRQ WR WKH 1 WHUPLQDO
RI WKH SURWHLQ LW FRPHV EHIRUH WKH '1$ ELQGLQJ
GRPDLQ '%' $ F'1$ IURP WKH PDMRU WUDQVFULSW
 NE WKDW LQFOXGHV SDUW RI WKH $% GRPDLQ WKH
HQWLUH '1$ ELQGLQJ DQG ' GRPDLQV DQG SDUW RI
WKH /%' LQ WKDW RUGHU ZDV FORQHG LQWR DQ
H[SUHVVLRQ YHFWRU 7KH ELRWLQWDJJHG WUXQFDWHG
HFG\VRQH UHFHSWRU SURWHLQ %K(F5 $%/%'
ZDV H[SUHVVHG LQ (VFKHULFKLD FROL VWUDLQ -0 LQ
GLIIHUHQW FXOWXULQJ FRQGLWLRQV 'LIIHUHQW
DSSURDFKHV IRU SXULILFDWLRQ ZHUH XVHG 5DEELWV
ZHUH LQMHFWHG ZLWK WKH SXULILHG %K(F5
$%/%'IRU SRO\FORQDO DQWLERGLHV SURGXFWLRQ
7KH SRO\FORQDO DQWLERGLHV ZHUH SXULILHG LQ DQ
LPPXQHDIILQLW\ FKURPDWRJUDSK\ FROXPQ DQG
XVHG LQ :HVWHUQ EORWV DQG LPPXQRF\WRFKHPLVWU\
IRU GHWHFWLRQ RI HQGRJHQRXV (F5 2Q
LPPXQREORWV RI VDOLYDU\ JODQGV IURP ODUYDH DW
GLIIHUHQW DJHV DW WKH HQG RI WKLQVWDU D EDQG RI
DERXW  N'D ZDV GHWHFWHG DW SUHVHQW ZLWK WKLV
ORW RI DQWLERGLHV ZH FRXOG QRW \HW WR GHWHFW D
SURWHLQ WKDW FRXOG EH WKH SURGXFW RI WKH VPDOOHU
WUDQVFULSW ,PPXQRF\WRFKHPLVWU\ ZDV SHUIRUPHG
LQ ZKROH VDOLYDU\ JODQGV IURP ODUYDH DW DJH (
ZKHQ WKH VWJURXS RI '1$ SXIIV EHJLQV WR
H[SDQG VKRZLQJ QXFOHDU ODEHOLQJ RQO\ LQ 6 DQG
6 UHJLRQV ,Q WKLV ZRUN ZH GHVFULEH WKH V\QWKHVLV
RI %K(F5 $%/%'SURWHLQ LQ EDFWHULD LWV
SXULILFDWLRQ DQG WKH SURGXFWLRQ DQG SXULILFDWLRQ
RI SRO\FORQDO DQWLERGLHV DJDLQVW %K(F5 SURWHLQ
)LQDQFLDO VXSSRUW )$3(63 SURF 









'DYLHV / $QGHUVRQ ,3 7XUQHU 3& 6KLUUDV $'
5HHV++5LJGHQ'-
6FKRRO RI %LRORJLFDO 6FLHQFHV 8QLYHUVLW\ RI
/LYHUSRRO %LRVFLHQFHV %XLOGLQJ /LYHUSRRO /
=%8.




,Q LQVHFW IHPDOHV HFG\VWHURLGV DUH V\QWKHVLVHG LQ
WKH RYDULDQ IROOLFOH FHOOV DQG LQ PDQ\ VSHFLHV LW
KDV EHHQ VKRZQ WKDW PXFK RI WKH KRUPRQH LV
FRQYHUWHG LQWR WKH SKRVSKDWH FRQMXJDWH DQG
SDVVHG LQWR WKH HJJV 7KLV VHUYHV DV DQ LQDFWLYH
VWRUDJH IRUP RI KRUPRQH IRU XWLOL]DWLRQ IROORZLQJ
HQ]\PLF K\GURO\VLV GXULQJ WKH HDUO\ VWDJHV RI
HPEU\RJHQHVLV EHIRUH GLIIHUHQWLDWLRQ RI WKH
SURWKRUDFLF JODQGV 7KH HQ]\PH FDWDO\VLQJ
K\GURO\VLV RI SKRVSKDWH FRQMXJDWH HFG\VWHURLG
SKRVSKDWH SKRVSKDWDVH (33 KDV EHHQ SXULILHG
DQG FORQHG IURP %RPE\[ PRUL HPEU\RV 7KLV ZDV
DVVLJQHG WR D QRYHO FODVV RI SURWHLQV EXW LW LV
VKRZQ KHUH WKDW LW UHVLGHV LQ WKH ODUJH µKLVWLGLQH
SKRVSKDWDVH¶ VXSHUIDPLO\ UHODWHG WR
µFRIDFWRUGHSHQGHQW SKRVSKRVSKRJO\FHUDWH
PXWDVHV¶ 3*0 D VXSHUIDPLO\ FRQWDLQLQJ QRWDEO\
GLYHUVH FDWDO\WLF DFWLYLWLHV 0ROHFXODU PRGHOOLQJ
UHYHDOHG D SODXVLEOH VXEVWUDWHELQGLQJ PRGH IRU
(33 $QDO\VLV RI JHQRPLF DQG WUDQVFULSW GDWD IRU D
QXPEHU RI LQVHFW VSHFLHV VKRZ WKDW (33 PD\ H[LVW
LQ ERWK WKH VLQJOH GRPDLQ IRUP SUHYLRXVO\
FKDUDFWHUL]HG DQG LQ D ORQJHU PXOWLGRPDLQ IRUP
8%$ + SKRVSKRHVWHUDVH 6+ DQG FDWDO\WLF
SKRVSKDWDVH GRPDLQV IURP 1WR &WHUPLQXV
7KLV ODWWHU IRUP EHDUV D TXLWH XQH[SHFWHG
UHODWLRQVKLS LQ VHTXHQFH DQG GRPDLQ DUFKLWHFWXUH
WR YHUWHEUDWH SURWHLQV LQFOXGLQJ 6WV
FKDUDFWHUL]HG DV D NH\ UHJXODWRU RI 7FHOO DFWLYLW\
/RQJ IRUP 'URVRSKLOD PHODQRJDVWHU (33 KXPDQ
6WV DQG D UHODWHG SURWHLQ IURP &DHQRUKDEGLWLV
HOHJDQV KDYH DOO EHHQ FORQHG H[SUHVVHG LQ
'URVRSKLOD 6 FHOOV DVVD\HG DQG VKRZQ WR
FDWDO\VH WKH K\GURO\VLV RI HFG\VWHURLG DQG VWHURLG
SKRVSKDWHV 7KH VXUSULVLQJ UHODWLRQVKLS
FRQVLGHUHG KHUH EHWZHHQ (33 DQG 6WV KDV





PDVWRSDUDQ LQ WKH SURWKRUDFLF
JODQGV RI WKH WREDFFR
KRUQZRUP Manduca sexta
DQG WKH VLONZRUP Bombyx
mori
'HGRV6*:LFKHU'%LUNHQEHLO+




0HDVXUHPHQWV RI &DLQIOX[ LQ )XUD
$0ORDGHG SURWKRUDFLF JODQGV 3*V RI WKH
WREDFFR KRUQZRUP 0DQGXFD VH[WD DQG WKH
VLONZRUP %RPE\[ PRUL DIWHU DSSOLFDWLRQ RI WKH
WHWUDGHFDSHSWLGH PDVWRSDUDQ VKRZHG WKDW WKLV
SHSWLGH FDQ DFWLYDWH GRVHGHSHQGHQW LQFUHDVHV LQ
LQWUDFHOOXODU &DOHYHOV $ SUHYLRXV VWXG\
>%LUNHQEHLO +  - ,QVHFW 3K\VLRO 
±@ HVWDEOLVKHG D OLQN EHWZHHQ SHUWXVVLV
WR[LQVHQVLWLYH * SURWHLQV DQG WKH
PDVWRSDUDQPHGLDWHG LQFUHDVH LQ >&D@L OHYHOV LQ
WKH 3* FHOOV RI 0 VH[WD EXW WKHUH LV QR
LQYROYHPHQW RI * SURWHLQV LQ WKH
PDVWRSDUDQPHGLDWHG LQFUHDVH LQ >&D@L OHYHOV RI
3* FHOOV IURP % PRUL 0DVWRSDUDQ FRXOG LQFUHDVH
WKH >&D@L OHYHOV HYHQ LQ WKH DEVHQFH RI
H[WUDFHOOXODU &DLQ % PRUL 3*V EXW QRW LQ 0
VH[WD 3*V 3KDUPDFRORJLFDO PDQLSXODWLRQ RI WKH
&DVLJQDOOLQJ FDVFDGHV LQ WKH 3*V RI ERWK LQVHFWV
VXJJHVWV WKDW LQ 0 VH[WD 3*V PDVWRSDUDQ¶V ILUVW
VLWH RI DFWLRQ LV LQIOX[ RI &DIURP SODVPD
PHPEUDQH &DFKDQQHOV ZKLOH LQ % PRUL 3*V
PDVWRSDUDQ¶V ILUVW VLWH RI DFWLRQ LV PRELOL]DWLRQ RI
&DIURP U\DQRGLQHVHQVLWLYH DQG LQRVLWRO
WULVSKRVSKDWH ,3LQVHQVLWLYH &DVWRUHV
,Q 0 VH[WD WKH FRPELQHG UHVXOWV LQGLFDWH WKH
SUHVHQFH RI PDVWRSDUDQVHQVLWLYH SODVPD
PHPEUDQH &DFKDQQHOV GLVWLQFW IURP WKRVH
DFWLYDWHG E\ SURWKRUDFLFRWURSLF KRUPRQH RU WKH
,3 VLJQDOOLQJ FDVFDGH WKDW FRRUGLQDWH VSDWLDO
LQFUHDVHV LQ &DOHYHOV LQ 3* FHOOV ,Q % PRUL
FRQVLGHULQJ WKH DELOLW\ RI PDVWRSDUDQ WR ELQG DQG
PRGXODWH JO\FRJHQ SKRVSRU\ODVH WKDW LV DVVRFLDWHG
ZLWK WKH U\DQRGLQH UHFHSWRU 5\5 +LUDWD < HW DO
 %LRFKHP -  ± ZH SURSRVH WKDW
PDVWRSDUDQ PHGLDWHV &DPRELOL]DWLRQ IURP
U\DQRGLQHVHQVLWLYH DQG ,3LQVHQVLWLYH
LQWUDFHOOXODU &DVWRUHV RI 3* FHOOV OHDGLQJ WR
VSHFLDOL]HG &DKRPHRVWDVLV LQ WKH 3*V RI %
PRUL
7KH KXPRUDO FRQWURO RI
JURZWK E\ HFG\VRQH DQG
LQVXOLQVLJQDOOLQJSDWKZD\V
'HODQRXH56ODLGLQD0/D\DOOH6/pRSROG3




7KH FRQWURO RI JURZWK DW WKH OHYHO RI D ZKROH
RUJDQLVP LQYROYHV D VHULHV RI LQWULFDWH KXPRUDO
UHJXODWLRQV DOORZLQJ WKH FRRUGLQDWLRQ RI JURZWK
SURJUDPV LQ DOO WLVVXHV 2QH NH\ IHDWXUH RI WKLV
JOREDO FRQWURO LV WKH LQWHJUDWLRQ RI H[WULQVLF
LQIOXHQFHV OLNH QXWULWLRQ DV ZHOO DV LQWULQVLF
PHFKDQLVPV WKDW DUH OLQNHG WR WKH SURJUDP RI
GHYHORSPHQW 2XU UHVHDUFK XWLOL]HV 'URVRSKLOD WR
XQUDYHO WKH PHFKDQLVPV WKDW OLQN RUJDQLVPDO
JURZWK WR WKHVH GLIIHUHQW SDUDPHWHUV 0RUH
VSHFLILFDOO\ ZH IRFXV RQ WKH OLQNV EHWZHHQ WKH
WLPLQJ RI GHYHORSPHQW DQG WKH VSHHG RI JURZWK RU
JURZWK UDWH *URZWK UDWH LV FRQWUROOHG E\
,QVXOLQ,*) VLJQDOOLQJ ,,6 LQ PRVW PHWD]RDQV
ZKHUHDV VWHURLG KRUPRQHV VHUYH DV LPSRUWDQW
GHYHORSPHQWDO WLPHUV (FG\VRQH SOD\V D NH\ UROH
LQ WLPLQJ WKH GLIIHUHQW GHYHORSPHQWDO WUDQVLWLRQV
GXULQJ 'URVRSKLOD GHYHORSPHQW :H UHFHQWO\
GHPRQVWUDWHG WKDW LQ DGGLWLRQ WR LWV UROH DV D
GHYHORSPHQWDO WLPHU HFG\VRQH DOVR FRQWUROV
DQLPDO JURZWK UDWH WKURXJK DQ DQWDJRQLVWLF
LQWHUDFWLRQ ZLWK ,,6 LQYROYLQJ FKDQJHV LQ G)2;2
ORFDOL]DWLRQ DV ZHOO DV LQFUHDVHG WUDQVFULSWLRQ RI
RQH RI LWV GRZQVWUHDP WDUJHW (%3 ZKLFK
HQFRGHV D WUDQVODWLRQDO UHSUHVVRU :H DOVR VKRZHG
WKDW WKH ODUYDO IDW ERG\ D IXQFWLRQDO HTXLYDOHQW RI
WKH YHUWHEUDWH OLYHU DQG IDW WLVVXH LV D NH\ WDUJHW RI
WKH HFG\VRQH VLJQDO DFWLQJ DV D UHOD\ HOHPHQW IRU
HFG\VRQHGHSHQGHQW JURZWK LQKLELWLRQ 2XU JRDO
LV WR XQGHUVWDQG WKH FURVVWDON EHWZHHQ WKHVH WZR
KRUPRQDO VLJQDOOLQJ SDWKZD\V LQ OLQNLQJ JURZWK
DQG PHWDEROLF UDWHV ZLWK WKH GHYHORSPHQWDO
WLPLQJ :H ZLOO SUHVHQW VRPH RI RXU UHFHQW ZRUN
GHILQLQJ VSHFLILF LQYROYHPHQW RI WKH YDULRXV
RUJDQVSDUWLFLSDWLQJLQWKLVUHJXODWRU\QHWZRUN
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 0ROHFXODU EDVLV RI MXYHQLOH
KRUPRQH DFWLRQ LQ Drosophila
melanogaster
'XEURYVN\('XEURYVN\9%HUJHU(





-XYHQLOH KRUPRQH -+ LV DQ LPSRUWDQW UHJXODWRU
RI ERWK LQVHFW GHYHORSPHQW DQG UHSURGXFWLYH
PDWXUDWLRQ $OWKRXJK GLVFRYHUHG RYHU  \HDUV
DJR WKH PHFKDQLVP RI -+ DFWLRQ UHPDLQV
XQNQRZQ 3UHYLRXVO\ ZH KDYH LGHQWLILHG D JURXS
RI JHQHV ZKRVH H[SUHVVLRQ LV LQGXFHG E\ -+ LQ
'URVRSKLOD FXOWXUHG FHOOV 2QH RI WKRVH JHQHV
HQFRGHV D QXFOHDU KRUPRQH UHFHSWRU ($, WL V
WKH ILUVW NQRZQ WUDQVFULSWLRQ IDFWRU WKDW LV
LQGXFHG GLUHFWO\ E\ -+ 7KH 'URVRSKLOD ($
SURPRWHU LV D SULPDU\ -+ WDUJHW LW LV H[WUHPHO\
VHQVLWLYH WR ORZ OHYHOV RI -+ LWV DFWLYDWLRQ LV UDSLG
DQG VKRZV GHFHQW IROG RI LQGXFWLRQ &RQVLVWHQW
ZLWK -+ UHJXODWLRQ ($ P51$ OHYHOV DUH
UHGXFHG LQ RYDULHV RI WKH DSWHURXV PXWDQW
GHIHFWLYH LQ -+ VHFUHWLRQ 7KH H[SUHVVLRQ LV
HIIHFWLYHO\ UHVFXHG E\ WRSLFDO PHWKRSUHQH
DSSOLFDWLRQ ( KRUPRQDO UHJXODWLRQ LV FRQVHUYHG
LQ RWKHU LQVHFW VSHFLHV VXFK DV PRVTXLWR
$QRSKHOHV JDPELDH DQG PRWK 0DQGXFD VH[WD
ZKLFK VXJJHVWV D FULWLFDO UROH IRU WKH ( SURWHLQ
LQ -+ VLJQDOLQJ %DVHG RQ VWXGLHV LQ 'URVRSKLOD
FXOWXUHG FHOOV ZH SURSRVH D PRGHO WKDW LQWHJUDWHV
WKH ($ SURWHLQ LQWR WKH -+ VLJQDOLQJ SDWKZD\
,Q RXU PRGHO ($ LV D SULPDU\ UHVSRQVH JHQH
DFWLYDWHG HLWKHU E\ HFG\VRQH RU -+ ,Q WKH -+
VLJQDOLQJ SDWKZD\ ($ FDQ SHUIRUP LQ VHYHUDO
IXQFWLRQV )LUVW LW FDQ SDUWLFLSDWH LQ WKH
GRZQUHJXODWLRQ RI LWV RZQ WUDQVFULSWLRQ WKURXJK D
PHFKDQLVP WKDW OLNHO\ LQYROYHV DXWRUHSUHVVLRQ
6HFRQG ($ FDQ IDFLOLWDWH WKH -+ LQGXFLELOLW\ RI
VHFRQGDU\ UHVSRQVH JHQHV $QG WKLUG ($ FDQ
UHSUHVV HFG\VRQH DFWLYDWLRQ RI D JURXS RI HDUO\
JHQHV LQFOXGLQJ WKH %5& JHQH 7KLV ODVW IXQFWLRQ
SURYLGHV LQVLJKW LQWR D SRWHQWLDO PHFKDQLVP WKDW
XQGHUOLHV WKH -+ ³VWDWXV TXR´ DFWLRQ 2XU FXUUHQW
VWXGLHV IRFXV RQ VHDUFKLQJ DGGLWLRQDO UHJXODWRU\
SURWHLQV LQYROYHG LQ WKH -+ VLJQDOLQJ SDWKZD\
7KH FRPSOHWLRQ RI WKH 'URVRSKLOD
JHQRPHVHTXHQFLQJ SURMHFW DOORZHG LGHQWLI\LQJ D
JURXS RI JHQHV HQFRGLQJ WKH QXFOHDU UHFHSWRU
VXSHUIDPLO\ PHPEHUV 0DQ\ RI WKHVH JHQHV DUH
H[SUHVVHG LQ 6 FHOOV %\ HPSOR\LQJ 51$
LQWHUIHUHQFH ZH SHUIRUP D IXQFWLRQDO VFUHHQ IRU
JHQHV ZKRVH SURGXFWV DUH UHTXLUHG IRU -+
DFWLYDWLRQRIJHQHWUDQVFULSWLRQLQ6FHOOV
5ROH RI HFG\VWHURLGV LQ WKH
FRQWURO RI GLDSDXVH LQ
Sesamia nonagrioides
(L]DJXLUUH0/ySH]&6FKDIHOOQHU&6HKQDO)
O&HQWUH 5	' GH /OHLGD 8GO,57$ 5RYLUD 5RXUH
6/OHLGD6SDLQ
'HSDUWPHQW RI )RUHVW DQG 6RLO 6FLHQFHV
8QLYHUVLW\ RI 1DWXUDO 5HVRXUFHV DQG $SSOLHG /LIH
6FLHQFHV +DVHQDXHUVWUDVVH  $ 9LHQQD
$XVWULD




&DWHUSLOODUV RI WKH 0HGLWHUUDQHDQ FRP ERUHU
6HVDPLD QRQDJULRLGHV WKDW GHYHORS XQGHU ORQJ
GD\  K GD\QLJKW FRQGLWLRQV SXSDWH DW WKH
HQG RI WKH WK RU WK LQVWDU EXW WKRVH JURZLQJ DW D
VKRUW SKRWRSHULRG  K GD\QLJKW HQWHU D
ODUYDO GLDSDXVH GXULQJ ZKLFK WKH\ XQGHUJR VHYHUDO
H[WUD ODUYDO PROWV 'LDSDXVH LV DSSDUHQWO\ FDXVHG
E\ HOHYDWHG MXYHQLOH KRUPRQH WLWHU (L]DJXLUUH 0
HW DO  - ,QVHFW 3K\VLRO  ± DQG LV
DVVRFLDWHG ZLWK D FKDQJH LQ PROWLQJ IUHTXHQF\
8QGHU ERWK SKRWRSHULRGV WKH FDWHUSLOODUV PROW LQ
VKRUW LQWHUYDOV RI  ±  GD\V XQWLO WKH WKLQVWDU
WKDW LV H[WHQGHG WR DERXW  GD\V LQ WKH
QRQGLDSDXVLQJ DQG WR DERXW  GD\V LQ WKH
GLDSDXVLQJ ODUYDH :H H[DPLQHG SRVVLEOH UROH RI
HFG\VWHURLGV LQ WKH FRQWURO RI LQVWDU OHQJWK DQG
GLDSDXVH PDLQWHQDQFH (FG\VWHURLG WLWHUV RI WKH
QRQGLDSDXVLQJ DQG GLDSDXVLQJ ODUYDH ZHUH
FRPSDUHG LQ WKH WKDQG WKODUYDO LQVWDUV 1R
VLJQLILFDQW GLIIHUHQFH ZDV GLVFHUQHG LQ WKH
WKLQVWDU 7KH WLWHU URVH LQ ERWK QRQGLDSDXVLQJ
DQG GLDSDXVLQJ ODUYDH IURP D ORZ LQLWLDO OHYHO WR D
SHDN RQ GD\  IROORZHG E\ D GHFOLQH WR D
PLQLPXP LQ QHZO\ HFG\VHG WKLQVWDU ODUYDH  GD\V
ODWHU ,Q WKH WKLQVWDU WKH WLWHU ZDV LQLWLDOO\ ORZ
EXW LQ WKH QRQGLDSDXVLQJ ODUYDH LW LQFUHDVHG
EHWZHHQ GD\V  DQG  LH DERXW RQH GD\ EHIRUH
VRPH RI WKH LQVHFWV FHDVHG IHHGLQJ $W WKH VWDUW RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ODUYDOSXSDO DSRO\VLV GD\  WKH WLWHU URVH WR RYHU
 QJ ( HTXLYPO DQG LQ SKDUDWH SXSDH GD\
 WR DERXW  QJ EXW LW GURSSHG VKDUSO\ GXULQJ
WKH SXSDO HFG\VLV ,Q WKH GLDSDXVLQJ WKLQVWDU
ODUYDH HFG\VWHURLGV LQFUHDVHG RQO\ RQ GD\  WR
PRUH WKDQ  QJ ( HTXLYPO EXW GHFOLQHG WR
DERXW  QJ LQ SKDUDWH ODUYDH RI WKH WK LQVWDU
(FG\VWHURLG WLWHU UHPDLQHG ORZ LQ VXEVHTXHQW
LQVWDUV RI WKH GLDSDXVLQJ ODUYDH VDYH IRU WKH
PROWLQGXFLQJ LQFUHDVHV WKDW RFFXUUHG LQ ORQJ
LQWHUYDOV )RU H[DPSOH LQ WKH WKLQVWDU WKH
HFG\VWHURLGV W\SLFDOO\ URVH RQ GD\V  WR  ,W
VKRXOG EH PHQWLRQHG WKDW WKH PROWLQGXFLQJ
HFG\VWHURLG LQFUHDVHV LQ WKH WKDQG ODWHU LQVWDUV RI
WKH GLDSDXVLQJ ODUYDH ZHUH SDUDOOHOHG E\ WHPSRUDO
UHGXFWLRQ RI WKH MXYHQLOH KRUPRQH HVWHUDVH -+(
DFWLYLW\(FG\VWHURLGWLWHUGHFOLQHLQQHZO\HFG\VHG
ODUYDH ZDV DVVRFLDWHG ZLWK D ULVH RI -+(
LQGLFDWLQJ D FDXVDO UHODWLRQVKLS 6LPLODU
FRUUHODWLRQ EHWZHHQ HFG\VWHURLG WLWHU DQG -+(
DFWLYLW\ ZDV GHWHFWHG DOVR LQ WKH FRXUVH RI ODUYDO
PROWLQJ IURP WKH WKWR WKH WKLQVWDU %HIRUH
SXSDWLRQ KRZHYHU -+( DFWLYLW\ JURZV
FRQFRPLWDQWO\ ZLWK WKH HFG\VWHURLG LQFUHDVH RQ
GD\  VXJJHVWLQJ WKDW -+( FKDQJHV DW WKH HQG RI
WKH LQVWDU ULVH EHIRUH SXSDWLRQ DQG GHFOLQH EHIRUH
D ODUYDO HFG\VLV GHSHQG DOVR RQ WKH MXYHQLOH
KRUPRQHWLWHU
3URILOH RI HFG\VWHURLGV LQ
0HGLWHUUDQHDQ IORXU PRWK
HIIHFWV RI WZR LQVHFW JURZWK
UHJXODWRUV 5+ DQG
S\ULSUR[\IHQ
(O 2XDU , $ULEL 1 6PDJJKH * 6ROWDQL
0D]RXQL1
/DERUDWRLUH GH %LRORJLH $QLPDOH $SSOLTXpH
'pSDUWHPHQW GH %LRORJLH )DFXOWp GHV 6FLHQFHV
8QLYHUVLWpG¶$QQDED$QQDED$OJpULH
/DERUDWRU\ RI $JUR]RRORJ\ 'HSDUWPHQW RI &URS




(FG\VWHURLGV DQG MXYHQLOH KRUPRQHV UHJXODWH
PDQ\ GHYHORSPHQWDO DQG SK\VLRORJLFDO SURFHVVHV
LQ LQVHFWV DQG DUH FRQVLGHUHG DV SRWHQWLDO VSHFLILF
WDUJHW VLWH IRU SHVW FRQWURO 7ZR LQVHFW JURZWK
UHJXODWRUV KDORIHQR]LGH DQG S\ULSUR[\IHQ
DJRQLVWV RI HFG\VWHURLGV DQG MXYHQLOH KRUPRQH
UHVSHFWLYHO\ ZHUH WHVWHG LQ VLPSOH RU FRPELQHG
WUHDWPHQW GXULQJ WKH SXSDO VWDJH RI (SKHVWLD
NXHKQLHOOD /HSLGRSWHUD 3\UDOLGDH 7KHVH
FRPSRXQGV ZHUH DSSOLHG WRSLFDOO\ 5+  
ƫJ S\ULSUR[\IHQ  QJ RQ QHZO\ HFG\VHG SXSDH
DQG HYDOXDWHG RQ HFG\VWHURLG SURILOH
(Q]\PHLPPXQRDVVD\ (,$ PHDVXUHPHQWV
XVLQJ D VSHFLILF DQWLERG\ VKRZLQJ D KLJK DIILQLW\
IRU K\GUR[\HFG\VRQH ( VKRZHG WKH
SUHVHQFH RI D VLQJOH KRUPRQDO SHDN LQ ERWK VH[HV
ORFDWHG DW GD\  ,Q DGGLWLRQ WKH IHPDOH FRQWUROV
SUHVHQW D VSHFLILF LQFUHDVH RI HFG\VWHURLG WLWHUV
EHWZHHQ GD\V  DQG  5+ WUHDWPHQW VKLIWV
EDFN WKH SRVLWLRQ RI WKH SXSDO HFG\VWHURLG SHDN
WR GD\  LQ WKH PDOHV :KHUHDV WKLV SHDN ZDV
VXSSUHVVHG ZKHQ 5+ ZDV IROORZHG E\
S\ULSUR[\IHQ ,Q IHPDOHV WKH 5+
VXSSUHVVHG WKH VSHFLILF LQFUHDVH RI HFG\VWHURLG
EHWZHHQ GD\V  DQG  EXW WKH KRUPRQDO
DXJPHQWDWLRQ ZDV PDLQWDLQHG ZKHQ WKH 5+
WUHDWPHQW ZDV IROORZHG E\ S\ULSUR[\IHQ
7UHDWPHQW ZLWK S\ULSUR[\IHQ LQFUHDVHG
HFG\VWHURLG WLWHUV LQ ERWK VH[HV DQG FDXVHG D
SUHFRFLRXV GHOD\ RI WKH FRPPRQ SHDN DQG
VXSSUHVVHG WKH VSHFLILF LQFUHDVH RI HFG\VWHURLG LQ
IHPDOHV 3\ULSUR[\IHQ IROORZHG E\ 5+
VKLIWHG WKH SHDN IURP GD\  WR  LQ PDOHV DQG
VXSSUHVVHG WKH VSHFLILF HFG\VWHURLG LQFUHDVH LQ
IHPDOHV
5ROH RI %URDG DQG ( LQ HDUOy
HPEU\RJHQHVLV DQG Q\PSKDO
GHYHORSPHQW RI WKH PLONZHHG
EXJ Oncopeltus fasciatus
(UH]\LOPD] ') .HOVWUXS + 7UXPDQ -:
5LGGLIRUG/0




%URDG WKH SXSDO VSHFLI\LQJ WUDQVFULSWLRQ IDFWRU LQ
KRORPHWDERORXV LQVHFWV DSSHDUV WUDQVLHQWO\ LQ
HDUO\ HPEU\RV RI WKH PLONZHHG EXJ 2QFRSHOWXV
IDVFLDWXV WKHQ UHDSSHDUV GXULQJ Q\PSK
IRUPDWLRQ LQ ODWH HPEU\RJHQHVLV 6XEVHTXHQWO\
EU LV H[SUHVVHG WKURXJKRXW Q\PSKDO OLIH EXW
GLVDSSHDUV LQ WKH ILQDO Q\PSKDO LQVWDU IRU WKH
DGXOW PROW (UH]\LOPD] ') HW DO 3URF 1DW $FDG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 6FL 86$  ±  :KHQ EU 51$L
ZDV LQMHFWHG LQWR IHPDOHV LW ZDV LQFRUSRUDWHG LQWR
WKH HJJV DQG FDXVHG SRVWHULRU WUXQFDWLRQ RI WKH
HPEU\RV ZLWK WKH PRVW VHYHUHO\ DIIHFWHG VKRZLQJ
RQO\ WKH KHDG ZLWK GLIIHUHQWLDWHG H\HV ,Q VLWX
DQDO\VLV VKRZHG WKDW EU LV H[SUHVVHG WUDQVLHQWO\ DV
WKH JHUP EDQG LV PRYLQJ LQWR WKH \RON DQG
IRUPLQJ WKH DEGRPLQDO VHJPHQWV 7R GHFLSKHU
EU¶V UROH LQ VHJPHQW IRUPDWLRQ ZH DUH FXUUHQWO\
GHWHUPLQLQJ ZKHWKHU LW LV FRH[SUHVVHG ZLWK
ZLQJOHVVGHFDSHQWDSOHJLF DQG RWKHU SDWWHUQLQJ
JHQHV WKDW DUH LPSRUWDQW LQ VHJPHQW DGGLWLRQ 7R
HOXFLGDWH LWV UROH LQ SRVWHPEU\RQLF GHYHORSPHQW
ZH LQMHFWHG EU 51$L LQWR HLWKHU UGRU WKLQVWDU
Q\PSKV DQG IRXQG WKDW ZKHQ JLYHQ HDUO\ LQ WKH
LQVWDU LW FDXVHG D VWDWLRQDU\ PROW LQ WKDW WKH
VXEVHTXHQW Q\PSKDO LQVWDU UHWDLQHG WKH
SLJPHQWDWLRQ SDWWHUQV DQG ZLQJ SDG SURSRUWLRQV
RI WKH VWDJH WKDW ZDV LQMHFWHG 7KH WUHDWHG DQLPDOV
JUHZ DQG PROWHG HLWKHU  RU  WLPHV UHVSHFWLYHO\
WR EHFRPH DGXOWV ZLWK QRUPDO DGXOW SLJPHQWDWLRQ
EXW IRUHVKRUWHQHG DQG DEQRUPDOO\ VKDSHG ZLQJV
7KXV %URDG LV QHFHVVDU\ IRU ZLQJ PRUSKRJHQHVLV
DQG KHWHURPRUSKRVLV GXULQJ Q\PSKDO PROWLQJ
:H DOVR KDYH VKRZQ WKDW LWV H[SUHVVLRQ GXULQJ
Q\PSKDO OLIH LV PDLQWDLQHG E\ MXYHQLOH KRUPRQH
-+ 7KH HFG\VRQHLQGXFHG WUDQVFULSWLRQ IDFWRU
($ DOVR DSSHDUV WR KDYH WZR GLIIHUHQW UROHV LQ
HPEU\RQLF DQG SRVWHPEU\RQLF OLIH RI 2QFRSHOWXV
:H REWDLQHG E\ 3&5 WKH ($ LVRIRUP IURP
HPEU\RQLF GD\  F'1$ XVLQJ ROLJRV WR D SRUWLRQ RI
WKH '1$ELQGLQJ GRPDLQ DQG WKHQ H[WHQGLQJ WKH
DPSOLILHG SLHFH E\ ᓉ DQG ᓉ 5$&( 7KH $%
GRPDLQ VKRZV  LGHQWLW\ DQG  VLPLODULW\
ZLWK WKH OHSLGRSWHUDQ ($ GRPDLQV WKH & UHJLRQ
 LGHQWLW\ DQG WKH KLQJH UHJLRQ  LGHQWLW\
DQG  VLPLODULW\ ZLWK ( 51$L LQMHFWLRQV LQWR
WKH IHPDOHV FDXVHG IRUPDWLRQ RI HPEU\RV WKDW
ODFNHG WKH ODELXP DQG WKH VHFRQG WKRUDFLF 7
WKLUG WKRUDFLF 7 DQG WKH ILUVW DEGRPLQDO $
VHJPHQWV ,Q VLWX DQDO\VLV RI NQRZQ VHJPHQWDWLRQ
SDWWHUQLQJ JHQHV VKRZHG WKDW WKH ODELXP IRUPV
EXW DSSDUHQWO\ LV VXEVXPHG LQWR 7 DQG 7 LV
VXEVXPHG LQWR 7 ZKLFK GLVDSSHDUV LQ WKH PRVW
VHYHUHO\ DIIHFWHG WKH 8E[ DQG $EG$ ERXQGDULHV
DUH QRUPDO LQ WKH PLOGO\ DIIHFWHG SKHQRW\SHV
)XUWKHU DQDO\VLV RI WKH EDVLV RI WKH GLVDSSHDUDQFH
RI $ LV XQGHUZD\ 7KXV ($ PD\ EH UHJXODWLQJ
JHQHV WKDW VWDELOL]H WKH VHJPHQWDO LGHQWLW\ (
51$L LQMHFWLRQV LQWR UG WKRU WKLQVWDU Q\PSKV
SUHYHQWHG IXUWKHU PROWLQJ DOWKRXJK WKH Q\PSKV
JUHZ WR WKH QRUPDO VL]H IRU WKHLU VWDJH DQG OLYHG
PRUH WKDQ  PRQWKV ,QLWLDO VWXGLHV VKRZHG WKDW
LQMHFWLRQ RI RQH GRVH RI K\GUR[\HFG\VRQH ZDV
LQVXIILFLHQW WR UHVWRUH PROWLQJ VR IXUWKHU VWXGLHV
DUH FXUUHQWO\ XQGHUZD\ WR GHWHUPLQH LI WKLV ODFN RI
($ OHDGV WR GHFUHDVHG HFG\VWHURLG WLWHUV IRU












&ODVVLFDOO\ VWHURLG KRUPRQHV KDYH EHHQ WKRXJKW
WR PHGLDWH WKHLU DFWLRQV E\ ELQGLQJ WR LQWUDFHOOXODU
SURWHLQV WKDW PLJUDWH WR WKH QXFOHXV DQG LQGXFH
FKDQJHV LQ JHQH H[SUHVVLRQ +RZHYHU LW LV QRZ
EHFRPLQJ FOHDU WKDW VWHURLGV PD\ DOVR LQGXFH
UDSLG DFWLRQV WKURXJK WKH DFWLYDWLRQ RI YDULRXV
VHFRQG PHVVHQJHU SDWKZD\V E\ FHOO VXUIDFH
UHFHSWRUV &RQVLGHUDEOH FRQWURYHUV\ H[LVWV RYHU
WKH PHFKDQLVPV XQGHUO\LQJ WKHVH QRQJHQRPLF
HIIHFWV 7KXV VRPH HIIHFWV PD\ EH DWWULEXWDEOH WR
WKH DOORVWHULF DFWLRQV RI VWHURLGV RQ OLJDQGJDWHG
LRQ FKDQQHOV VXFK DV *$%$$ UHFHSWRUV RU 10'$
UHFHSWRUV 2WKHU HIIHFWV PD\ EH PHGLDWHG YLD WKH
DFWLYDWLRQ RI *SURWHLQ FRXSOHG VHFRQG PHVVHQJHU
SDWKZD\V WKDW FDQ FKDQJH WKH DFWLYLW\ RI DGHQ\O\O
RU JXDQ\O\O F\FODVH PRGXODWH WKH DFWLRQV RI LRQ
FKDQQHOV LQFUHDVH PLWRJHQDFWLYDWHG SURWHLQ
NLQDVH 0$3. RU SKRVSKRLQRVLWLGH NLQDVH
3,. DFWLYLW\ RU FKDQJH LQWUDFHOOXODU FDOFLXP
OHYHOV ,Q DGGLWLRQ PHFKDQLVPV PD\ H[LVW IRU
H[SRVXUH RI FRQYHQWLRQDO QXFOHDU VWHURLG UHFHSWRU
SURWHLQV WR H[WUDFHOOXODU VLJQDOV DW WKH SODVPD
PHPEUDQH VR WKDW WKH\ FDQ LQWHUDFW ZLWK VXFK
*SURWHLQ FRXSOHG SDWKZD\V +RZHYHU LQ D IHZ
FDVHV GLUHFW DFWLRQV RI YHUWHEUDWH VWHURLGV KDYH
EHHQ VKRZQ ZLWK VSHFLILF *SURWHLQ FRXSOHG
UHFHSWRUV *3&5V 7KXV SURJHVWHURQH DFWLYDWHV D
QRYHO FORQHG *3&5 IURP WKH VHD WURXW ZKLFK
DFWLYDWHV 0$3. DFWLYLW\ DQG LQKLELWV DGHQ\O\O
F\FODVH DFWLYLW\ =KX < HW DO  3URF 1DWO
$FDG 6FL 86$ ± ,Q DGGLWLRQ
HVWURJHQ FDQ DFWLYDWH DQ RUSKDQ *3&5 *35 LQ
PDQ\ FHOO OLQHV DQG WLVVXHV WR DFWLYDWH WKH
H[WUDFHOOXODU VLJQDOUHODWHG NLQDVH (5. YLD
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WKH WUDQVDFWLYDWLRQ RI WKH HSLGHUPDO JURZWK IDFWRU
UHFHSWRU WKURXJK WKH UHOHDVH RI KHSDULQERXQG
HSLGHUPDO JURZWK IDFWRU )LODUGR (- HW DO 
0RO (QGRFULQRO ± :H KDYH
UHFHQWO\ FORQHG DQG FKDUDFWHUL]HG D QRYHO
'URVRSKLOD *3&5 'P'RS(F5 &* ZKLFK
FDQ EH DFWLYDWHG E\ ERWK HFG\VWHURLGV DQG
FDWHFKRODPLQHV 6ULYDVWDYD '3 HW DO  -
1HXURVFLHQFH ± 7KLV UHFHSWRU
VKRZV VHTXHQFH KRPRORJ\ ZLWK YHUWHEUDWH
ơDGUHQHUJLF UHFHSWRUV DQG LV DFWLYDWHG E\
GRSDPLQH WR LQFUHDVH F$03 OHYHOV DQG WR DFWLYDWH
WKH 3,. SDWKZD\ &RQYHUVHO\ HFG\VRQH DQG WR D
OHVVHU H[WHQW K\GUR[\HFG\VRQH VKRZ D KLJK
DIILQLW\ IRU WKH UHFHSWRU LQ ELQGLQJ VWXGLHV DQG FDQ
LQKLELW WKH HIIHFWV RI GRSDPLQH DV ZHOO DV
FRXSOLQJ WKH UHFHSWRU WR D UDSLG DFWLYDWLRQ RI WKH
0$3. SDWKZD\ 7KH ODWWHU HIIHFW DSSHDUV WR EH
PHGLDWHG YLD WKH WUDQVDFWLYDWLRQ RI FHOO VXUIDFH
JURZWK IDFWRU UHFHSWRUV 7KH UHFHSWRU PD\ WKXV
UHSUHVHQW WKH 'URVRSKLOD KRPRORJ RI WKH
YHUWHEUDWH ³ƢDGUHQHUJLF UHFHSWRUV´ UHVSRQVLEOH
IRU WKH PRGXODWLRQ RI YDULRXV DFWLYLWLHV LQ EUDLQ
EORRG YHVVHOV DQG SDQFUHDV 7KH UHFHSWRU LV KLJKO\
H[SUHVVHG LQ QHUYRXV WLVVXH LQ ERWK DGXOWV DQG
HPEU\RV DV ZHOO DV EHLQJ WUDQVLHQWO\ H[SUHVVHG LQ
VDOLYDU\ JODQGV DQG WKH JXW GXULQJ HPEU\RQLF
GHYHORSPHQW 7KXV 'P'RS(F5 PD\ IXQFWLRQ DV
D FHOO VXUIDFH *3&5 WKDW LV UHVSRQVLEOH IRU VRPH RI
WKH UDSLG QRQJHQRPLF DFWLRQV RI HFG\VWHURLGV
GXULQJ ERWK GHYHORSPHQW DQG VLJQDOOLQJ LQ WKH
PDWXUHDGXOWQHUYRXVV\VWHP
0RGXODWLRQ RI FKURPDWLQ





)DUNDV 5 .XFKDURYD0DKPRRG 6
0HGYHGRYD0HQWHORYD / 5DVND , 0HFKOHU
%0
'HSDUWPHQW RI 'HYHORSPHQWDO *HQHWLFV ,QVWLWXWH
RI ([SHULPHQWDO (QGRFULQRORJ\ 6ORYDN $FDGHP\
RI6FLHQFHV9ODUVND%UDWLVODYD6ORYDNLD
'HSDUWPHQW RI 'HYHORSPHQWDO *HQHWLFV
'HXWVFKHV .UHEVIRUVFKXQJV]HQWUXP ,0) 
'+HLGHOEHUJ*HUPDQ\
'HSDUWPHQW RI *HQHWLFV )DFXOW\ RI 6FLHQFH
&RPHQLXV8QLYHUVLW\%UDWLVODYD6ORYDNLD
'HSDUWPHQW RI &HOO %LRORJ\ )DFXOW\ RI 0HGLFLQH





$W WKH RQVHW RI 'URVRSKLOD PHWDPRUSKRVLV WKH
VWHURLG KRUPRQH HFG\VRQH DFWLYDWHV D FHOO GHDWK
SURJUDP WKDW OHDGV ODUYDO VDOLYDU\ JODQGV 6*V WR
UDSLGO\ GLVLQWHJUDWH DERXW ± KU DIWHU
SXSDULXP IRUPDWLRQ 'XULQJ WKLV SURFHVV
HFG\VRQH DFWV WKURXJK WKH HFG\VRQH UHFHSWRU
(F58VS KHWHURGLPHU WKDW UHJXODWHV SULPDU\
UHVSRQVH JHQHV LQFOXGLQJ WKH %URDG&RPSOH[
%5& JHQH HQFRGLQJ D IDPLO\ RI ]LQF ILQJHU%7%
WUDQVFULSWLRQ IDFWRUV DPRQJ ZKLFK WKH = LVRIRUP
LV FULWLFDO IRU 6* GHDWK 7KH WLPLQJ RI 6* KLVWRO\VLV
GHSHQGV XSRQ WKH OHYHO RI SOJO D F\WRVNHOHWDO
WXPRU VXSSUHVVRU WKDW LQWHUDFWV ZLWK QRQPXVFOH
P\RVLQ ,, KHDY\ FKDLQ QP0+& HQFRGHG E\ WKH
]LSSHU ]LS JHQH 5HGXFHG OJO H[SUHVVLRQ
GHOD\V 6* KLVWRO\VLV ZKHUHDV RYHUH[SUHVVLRQ
DFFHOHUDWHV WKLV SURFHVV ZLWKRXW DIIHFWLQJ ODUYDO
DQG SXSDO GHYHORSPHQW 5HFHQW DQDO\VLV VKRZHG
WKDW S HQFRGHG E\ OJO DQG QP0+& UHJXODWH
FKURPDWLQ DFFHVV RI %5& = ( DQG D VHULHV RI
UHPRGHOLQJ IDFWRUV LQFOXGLQJ 6,1 53' DQG
6057(5 ,Q ZLOGW\SH 6*V WKHVH IDFWRUV ELQG WR
FKURPDWLQ EXW LQ OJO 6*V WKH\ DFFXPXODWH LQ
WKH F\WRSODVP DQG WKH FRUWLFDO QXFOHDU ]RQH &1=
DQG DUH XQDEOH WR DVVRFLDWH ZLWK FKURPDWLQ
6LPLODU FKURPDWLQ H[FOXVLRQ FDQ EH DFKLHYHG E\
RYHUH[SUHVVLRQ RI QP0+& DQG RFFXUV DOVR LQ 6*V
RI GHYHORSPHQWDOO\ GHOD\HG ]LS(EU ODUYDH
6FUHHQ IRU SKHQRW\SH PRGLILHUV KDV UHYHDOHG
JHQHWLF LQWHUDFWLRQ EHWZHHQ OJO DQG %5&D V
ZHOO DV EHWZHHQ OJO DQG ]LS(EU (FWRSLF
H[SUHVVLRQ RI S IURP 8$6OJO WUDQVJHQH
IXOO\ UHVFXHV OJOï SKHQRW\SH 8VLQJ
FRLPPXQRSUHFLSLWDWLRQ ZH KDYH VKRZQ WKDW
WKHVH QXFOHDU IDFWRUV FDQ IRUP LPPXQRFRPSOH[
ZLWK F\WRVNHOHWDO SURWHLQV VXSSRUWLQJ LGHD WKDW
LQWHUDFWLRQ LV SK\VLFDO 7KXV SOJODQG
QP0+& DFW MRLQWO\ WR FRQWURO FKURPDWLQ DFFHVV RI
%5& = 6,1 53' 6057(5 DQG SRVVLEO\
VHYHUDO RWKHU IDFWRUV DQG LQ WKLV ZD\ UHJXODWH WKH
HDUO\ VWDJHV RI HFG\VRQH FDVFDGH OHDGLQJ WR 6*
KLVWRO\VLV $ VLPLODU PHFKDQLVP PD\ RFFXU LQ
OJO WXPRXU FHOOV DQG FDQ H[SODLQHG WKH SDUWLDO
JHQRPH VLOHQFLQJ RFFXUULQJ LQ WKHVH FHOOV 7KLV
ZRUN ZDV VXSSRUWHG E\ JUDQWV $397




QRGXODWLRQ UHDFWLRQ LQ ODUYDH
RI WKH IOHVK IO\ Neobellieria
bullata LV PHGLDWHG E\
K\GUR[\HFG\VRQH DQG
MXYHQLOHKRUPRQH
)UDQVVHQV 9 6PDJJKH * 6LPRQHW * &ODH\V ,
%UHXJHOPDQV%'H/RRI$9DQGHQ%URHFN-
/DERUDWRU\ RI 'HYHORSPHQWDO 3K\VLRORJ\
*HQRPLFV DQG 3URWHRPLFV 'HSDUWPHQW RI $QLPDO
3K\VLRORJ\ DQG 1HXURELRORJ\ =RRORJLFDO
,QVWLWXWH .8 /HXYHQ 1DDPVHVWUDDW  %
/HXYHQ%HOJLXP
/DERUDWRU\ RI $JUR]RRORJ\ 'HSDUWPHQW RI &URS
3URWHFWLRQ )DFXOW\ RI %LRVFLHQFH (QJLQHHULQJ





,QVHFWV KDYH D YHU\ HIILFLHQW LQQDWH LPPXQH
V\VWHP LQFOXGLQJ KXPRUDO DQG FHOOXODU
FRPSRQHQWV 7KH FHOOXODU LPPXQH UHVSRQVHV UHIHU
WR WKH KHPRF\WHPHGLDWHG SURFHVVHV VXFK DV
SKDJRF\WRVLV QRGXODWLRQ DQG HQFDSVXODWLRQ
1RGXODWLRQ ZKLFK LV FRQVLGHUHG WKH SUHGRPLQDQW
GHIHQVH UHDFWLRQ WR LQIHFWLRQ LQ LQVHFWV LV D
FRPSOH[ SURFHVV LQIOXHQFHG E\ YDULRXV
HQGRJHQRXV IDFWRUV +RZHYHU WKH SUHFLVH
PHFKDQLVPV XQGHUO\LQJ QRGXODWLRQ UHPDLQ
ODUJHO\ XQNRZQ ,Q WKH SUHVHQW VWXG\ ZH
H[DPLQHG WKH LQIOXHQFH RI WKH LQVHFW KRUPRQHV
K\GUR[\HFG\VRQH ( DQG MXYHQLOH KRUPRQH
-+ RQ WKH ODPLQDULQLQGXFHG QRGXODWLRQ
UHDFWLRQ LQ ODUYDH RI WKH IOHVK IO\ 1HREHOOLHULD
EXOODWD 7UHDWLQJ WKLUGLQVWDU ODUYDH RI 1 EXOODWD
ZLWK ( SULRU WR ODPLQDULQ LQMHFWLRQ HQKDQFHG
WKH QRGXODWLRQ UHVSRQVH LQ D GRVHGHSHQGHQW
PDQQHU +RZHYHU ZKHQ WKH LQFXEDWLRQ SHULRG
EHWZHHQ ( DQG ODPLQDULQ LQMHFWLRQ ZDV OHVV
WKDQ  K ( GLG QRW LQIOXHQFH WKH IRUPDWLRQ RI
QRGXOHV 7KH QRQVWHURLGDO HFG\VRQH DJRQLVWV
5+ 5+ DQG 5+ VLPLODUO\
HQKDQFHG WKH QRGXODWLRQ UHDFWLRQ DOWKRXJK WKH\
ZHUH OHVV DFWLYH WKDQ ( VLQFH WKH\ UHTXLUHG D
KLJKHU GRVH DQG D ORQJHU LQFXEDWLRQ SHULRG ,Q
FRQWUDVW WR HFG\VRQH VWLPXODWLRQ VXSSO\LQJ ODUYDH
ZLWK -+ RU WKH MXYHQLOH KRUPRQH DQDORJV -+$
IHQR[\FDUE DQG S\ULSUR[\IHQ VLJQLILFDQWO\
LPSDLUHG WKHLU DELOLW\ WR IRUP QRGXOHV LQ UHVSRQVH
WR ODPLQDULQ 7KHVH ILQGLQJV GHPRQVWUDWH IRU WKH
ILUVW WLPH WKDW ( DQG -+ SOD\ DQ LPSRUWDQW
UHJXODWRU\UROHLQWKHQRGXODWLRQSURFHVV
0RGXODWLRQ RI HFG\VWHURLG
DFWLRQ E\ MXYHQLOH KRUPRQH LQ
ZLQJ GHYHORSPHQW DQG ODUYDO
PDUNLQJ SDWWHUQ IRUPDWLRQ LQ
/HSLGRSWHUD
)XMLZDUD+/REELD6)XWDKDVKL5




(FG\VWHURLG LV LQYROYHG LQ YDULRXV GHYHORSPHQWDO
SURFHVVHV GXULQJ PROWV DQG PHWDPRUSKRVLV
-XYHQLOH KRUPRQH -+ PRGXODWHV WKH
HFG\VWHURLGLQGXFHG FHOOXODU UHVSRQVHV DQG
GHYHORSPHQWDO IDWHV DOWKRXJK WKH PROHFXODU
PHFKDQLVPV RI -+ PRGXODWLRQ RQ HFG\VWHURLG
DFWLRQV DUH ODUJHO\ XQNQRZQ 7R HOXFLGDWH WKH
PHFKDQLVPV ZH KDYH VWXGLHG WZR GHYHORSPHQWDO
SKHQRPHQD  IHPDOHVSHFLILF ZLQJ
GHJHQHUDWLRQ LQ WKH WXVVRFN PRWK 2UJ\LD UHFHQV
 DOWHUDWLRQ RI ODUYDO PDUNLQJ SDWWHUQV LQ WKH
VZDOORZWDLO EXWWHUIO\ 3DSLOLR [XWKXV :H IRXQG
WKDW -+ DOWHUV WKH RULJLQDO GHYHORSPHQWDO IDWHV LQ
WKHVH HFG\VWHURLGGHSHQGHQW HYHQWV  )HPDOHV
RI WKH WXVVRFN PRWK 2UJ\LD UHFHQV KDYH RQO\
YHVWLJLDO ZLQJV ZKHUHDV WKH PDOHV KDYH QRUPDO
ZLQJV :H SUHYLRXVO\ IRXQG WKDW HFG\VWHURLG
LQGXFHV FHOO GHDWK LQ ZKROH DUHD RI SXSDO ZLQJV LQ
IHPDOH EXW RQO\ LQ SHULSKHUDO UHJLRQ LQ PDOH :H
KDYH VWXGLHG H[SUHVVLRQ RI (F5$ DQG (F5%
P51$V RQ 2UJ\LD SXSDO ZLQJV E\ LQ VLWX
K\EULGL]DWLRQ +RZHYHU ZH GLG QRW GHWHFW D ODUJH
GLIIHUHQFH RI (F5 LVRIRUPV EHWZHHQ PDOH DQG
IHPDOH ZLQJV WR H[SODLQ ZHOO WKH VH[VSHFLILF
UHVSRQVHV :H IXUWKHU WHVWHG WKH HIIHFWV RI
MXYHQLOH KRUPRQH -+ RQ FXOWXUHG SXSDO ZLQJV RI
2 UHFHQV DQG IRXQG WKDW WKH DGGLWLRQ RI ERWK -+
DQG ( LQ FXOWXUH LQGXFHG ZLQJ GHJHQHUDWLRQ QRW
RQO\ LQ IHPDOHV EXW DOVR LQ PDOHV ,Q DGGLWLRQ
SUHWUHDWPHQW RI KLJKHU FRQFHQWUDWLRQ RI -+ LQ
WKH FXOWXUHG SXSDO ZLQJV RI WKH VLONZRUP
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH %RPE\[ PRUL PDOH DQG IHPDOH DGXOW KDV QRUPDO
ZLQJV DOVR FDXVHG WKH ZLQJ GHJHQHUDWLRQ E\ WKH
HFG\VWHURLG WUHDWPHQW 7KHVH UHVXOWV LQGLFDWH WKDW
-+ PRGXODWHV WKH HFG\VWHURLG DFWLRQ WR LQGXFH
FHOO GHDWK RQ SXSDO ZLQJV QRW RQO\ LQ 2 UHFHQV
EXW DOVR LQ RWKHU /HSLGRSWHUD  7KH ODUYD RI
VZDOORZWDLO EXWWHUIO\ 3DSLOLR [XWKXV FKDQJHV LWV
ERG\ PDUNLQJV PDUNHGO\ GXULQJ WKH IRXUWK
HFG\VLV IURP WKH ELUGGURSSLQJ W\SH WR WKH
JUHHQLVK OHDYH OLNH PDUNLQJV :H IRXQG WKDW
HDUOLHU WUHDWPHQW RI HFG\VWHURLG GXULQJ WKLQVWDU
SURGXFHV WKH SUHFRFLRXV WKLQVWDU ODUYD ZKLFK
PDUNLQJ LV VLPLODU WR WKH RULJLQDO WKLQVWDU ODUYD
7KH PDUNLQJ SDWWHUQV E\ WKLV WUHDWPHQW LV
JUDGXDOO\ DOWHUHG GHSHQGHQW RQ WKH WLPLQJ GXULQJ
WKLQVWDU VXJJHVWLQJ WKDW VRPH IDFWRUV LQYROYHG LQ
WKH PDUNLQJ IDWH LV FKDQJHG GXULQJ WKH WKLQVWDU
:H DSSOLHG MXYHQLOH KRUPRQH DQDORJV WR WKLQVWDU
DQG IRXQG WKDW -+ WUHDWPHQW ZLWKLQ GD\ DIWHU WKH
UGHFG\VLV SURGXFHV WKH WKLQVWDUOLNH ELUG
GURSSLQJ W\SH WKLQVWDU ODUYD DIWHU WKH WKHFG\VLV
7KLV VXJJHVWV WKDW -+ WLWHU LV FKDQJLQJ GXULQJ WKH
WKLQVWDU LQ 3 [XWKXV DQG PD\ GHWHUPLQH WKH
PDUNLQJIDWHLQWKHHDUO\WKLQVWDU
([SUHVVLRQ DQDO\VLV RI
%P6+ D SXWDWLYH PRGXODWRU





,QVHFW 0ROHFXODU *HQHWLFV DQG %LRWHFKQRORJ\
*URXS ,QVLWXWH RI %LRORJ\ 1DWLRQDO &HQWHU IRU




6LONPRWK RRJHQHVLV RFFXUV SULQFLSDOO\ GXULQJ
SXSDO DQG SKDUDWH DGXOW GHYHORSPHQW DQG LV
FRQWUROOHG E\ WKH PROWLQJ KRUPRQH
K\GUR[\HFG\VRQH ( 6WXGLHV WKDW
HPSOR\HG WKH XVH RI WKH HFG\VRQH DJRQLVW
WHEXIHQR]LGH GHPRQVWUDWHG WKDW WKH LQLWLDWLRQ RI
YLWHOORJHQHVLV LV GHSHQGHQW RQ D ULVH LQ WKH WLWHUV
RI ( ZKLOH WKH WUDQVLWLRQ WR FKRULRJHQHVLV
UHTXLUHV D GRZQUHJXODWLRQ RI ( VLJQDOLQJ ,Q
WKH ODWWHU SKDVH RI RRJHQHVLV WKH RUSKDQ QXFOHDU
UHFHSWRU %P(& EHFRPHV XSUHJXODWHG DW WKH HQG
RI YLWHOORJHQHVLV DQG WKH EHJLQQLQJ RI
FKRULRJHQHVLV ,Q RUGHU WR FODULI\ WKH UROH RI
%P(& GXULQJ WKH YLWHOORJHQHVLVFKRULRJHQHVLV
WUDQVLWLRQ \HDVW WZRK\EULG H[SHULPHQWV ZHUH
FRQGXFWHG WR LVRODWH UHJXODWRU\ IDFWRUV WKDW PLJKW
PRGXODWH WKH IXQFWLRQ RI %P(& 2QH RI WKH
IDFWRUV WKDW ZHUH LVRODWHG LV %P6+ D SURWHLQ
ZLWK WKUHH 6+ GRPDLQV DW WKH &WHUPLQXV DQG
RQH GRPDLQ ZLWK KRPRORJ\ WR WKH VRUELQ SHSWLGH
DW WKH 1WHUPLQXV 2XU DLP LV WR FODULI\ WKH
SRVVLEOH UROH RI %P6+ GXULQJ RYDULDQ
GHYHORSPHQW PRUH VSHFLILFDOO\ LWV LQWHUDFWLRQ
ZLWK %P(& 8VLQJ DQWLERGLHV WKDW ZHUH UDLVHG
DJDLQVW VSHFLILF UHJLRQV RI %P6+ D SURWHLQ ZLWK
D PDVV RI DSSUR[LPDWHO\ ± N'D ZDV
LGHQWLILHG LQ :HVWHUQ EORW %P6+ LV H[SUHVVHG LQ
WKH FHOOV RI WKH IROOLFXODU HSLWKHOLXP RI WKH RYDULDQ
IROOLFOHV DW DOO GHYHORSPHQWDO VWDJHV H[DPLQHG
IURP HDUO\ YLWHOORJHQHVLV WR ODWH FKRULRJHQHVLV $
SHDN RI H[SUHVVLRQ ZDV REVHUYHG GXULQJ WKH
WUDQVLWLRQ IURP YLWHOORJHQHVLV WR FKRULRJHQHVLV DV
SURYHG ERWK E\ :HVWHUQ DQG 573&5 DQDO\VLV 7R
VWXG\ WKH VXEFHOOXODU ORFDOL]DWLRQ RI %P6+
LPPXQRIOXRUHVFHQFH H[SHULPHQWV ZHUH FDUULHG
RXW %P6+ LV ORFDOL]HG LQ WKH F\WRSODVP ZKHUH LW
LV FRQFHQWUDWHG DW WKH FHOOXODU ERXQGDULHV
,QWHUHVWLQJO\ %P6+ SURWHLQ LV DOVR ORFDOL]HG LQ
GLVWLQFW ODUJH VSRWV DW WKH DSLFDO VLWH RI WKH
IROOLFXODU FHOOV $OVR LQ %P WLVVXH FXOWXUH FHOOV
WUDQVIHFWHG ZLWK SODVPLGV WKDW H[SUHVV
*)3%P6+ FKLPHUDV WKH FKLPHULF SURWHLQ
ORFDOL]HV LQ WKH F\WRSODVP LQ GLVWLQFW IRFL & DQG
1WHUPLQDO GHOHWLRQ PXWDQWV RI *)3%P6+
VKRZ GRPDLQGHSHQGHQW ORFDOL]DWLRQ SDWWHUQV
7KH &WHUPLQXV FKLPHULF IUDJPHQW FRQWDLQLQJ
WKH 6+ GRPDLQV LV ORFDWHG GLIIXVHO\ RQO\ DW WKH
F\WRSODVP ZKHUHDV WKH 1WHUPLQXV FKLPHULF
IUDJPHQW FRQWDLQLQJ WKH 6R+R GRPDLQ LV ORFDWHG
GLIIXVHO\ WKURXJKRXW WKH FHOO DQG DW GLVWLQFW IRFL LQ
WKH QXFOHXV )XWXUH VWXGLHV DLP DW WKH HOXFLGDWLRQ
RI WKH IXQFWLRQDO UROH RI %P6+ GXULQJ VLONPRWK
RRJHQHVLV LQ SDUWLFXODU LWV SRVVLEOH UROH LQ WKH
PRGXODWLRQ RI WKH IXQFWLRQ RI %P(& ,W FDQ DOVR
EH QRWHG WKDW PDPPDOLDQ KRPRORJV RI %P6+
KDYH EHHQ LPSOLFDWHG LQ LQVXOLQ VLJQDOLQJ
F\WRVNHOHWRQ RUJDQL]DWLRQ DQG FHOOFHOO RU
FHOOH[WUDFHOOXODU PDWUL[ LQWHUDFWLRQV %P6+












*KHQW 8QLYHUVLW\ /DERUDWRU\ RI (QYLURQPHQWDO
7R[LFRORJ\ DQG $TXDWLF (FRORJ\ - 3ODWHDXVWUDDW
%*KHQW%HOJLXP
*KHQW 8QLYHUVLW\ 0DULQH %LRORJ\ 6HFWLRQ
.ULMJVODDQ6%*HQW%HOJLXP





&XUUHQW DGGUHVV 9/,= :DQGHODDUNDDL 
%2RVWHQGH%HOJLXP
Û&XUUHQW DGGUHVV %LRORJ\ 'HSDUWPHQW 06




,QYHVWLJDWLYH HIIRUWV RQ WKH HIIHFWV RI HQGRFULQH
GLVUXSWRUV KDYH PDLQO\ FRQFHQWUDWHG RQ WKH
HYDOXDWLRQ RI WKHVH HIIHFWV LQ YHUWHEUDWHV
6LJQLILFDQWO\ OHVV DWWHQWLRQ LV JLYLQJ WR
XQGHUVWDQGLQJ SRWHQWLDO HQYLURQPHQWDO
GLVUXSWLRQ LQ LQYHUWHEUDWHV *LYHQ WKDW
LQYHUWHEUDWHV DFFRXQW IRU URXJKO\  RI DOO
DQLPDO VSHFLHV DQG DUH FULWLFDO WR HFRV\VWHP
VWUXFWXUH DQG IXQFWLRQ LW LV HVVHQWLDO WR FORVH WKLV
JDS LQ NQRZOHGJH DQG UHVHDUFK 7KH UHODWLYHO\
ODUJH ERG\ RI LQIRUPDWLRQ RQ DUWKURSRG
HQGRFULQRORJ\ PDNHV LQVHFWV DQG FUXVWDFHDQV
H[FHOOHQW PRGHOV IRU HYDOXDWLQJ
FKHPLFDOO\LQGXFHG HQGRFULQH GLVUXSWLRQ
(FG\VWHURLGV PROWLQJ KRUPRQHV DQG MXYHQRLGV
MXYHQLOH KRUPRQHV UHSUHVHQW WZR FODVVHV RI
KRUPRQHV LQ DUWKURSRGV WKDW UHJXODWH PDQ\
DVSHFWV RI WKHLU GHYHORSPHQW JURZWK DQG
UHSURGXFWLRQ (QYLURQPHQWDO FKHPLFDOV WKDW KDYH
WKH SRWHQWLDO WR GLVUXSW HFG\VWHURLG DQG MXYHQRLG
VLJQDOLQJ PD\ HOLFLW WR[LFLW\ XQLTXH WR
LQYHUWHEUDWHV ,Q WKLV FRQWH[W ZH HYDOXDWHG WKH
HIIHFW RI WKH LQVHFWLFLGH PHWKRSUHQH D MXYHQLOH
KRUPRQH DQDORJ RQ WKUHH LPSRUWDQW HQGRFULQH
UHJXODWHG SURFHVVHV PROWLQJ HPEU\RJHQHVLV DQG
YLWHOORJHQHVLV LQ WKH P\VLG 1HRP\VLV LQWHJHU
)LUVW WKH HIIHFW RI PHWKRSUHQH RQ P\VLG PROWLQJ
ZDV VWXGLHG E\ LQGLYLGXDOO\ H[SRVLQJ MXYHQLOHV
K IRU  VXFFHVLYH PROWV ,Q D VHFRQG VHULHV
RI H[SHULPHQWV HPEU\RV ZHUH UHPRYHG IURP
XQH[SRVHG JUDYLG IHPDOHV DQG H[SRVHG WR
PHWKRSUHQH 7KH HIIHFWV RQ P\VLG LQ YLWUR
HPEU\RJHQHVLV ZHUH HYDOXDWHG XQWLO KDWFKLQJ
)LQDOO\ ZH GHYHORSHG D P\VLG YLWHOOLQ
HQ]\PHOLQNHG LPPXQRVRUEHQW DVVD\ (/,6$
DQG TXDQWLILHG WKH HIIHFW RI PHWKRSUHQH RQ
YLWHOORJHQHVLV JUDYLG IHPDOHV FRQWDLQLQJ VWDJH 
HPEU\RV ZHUH H[SRVHG WR WKH WHVW VXEVWDQFH IRU
K 0HWKRSUHQH DW FRQFHQWUDWLRQV RI  WR 
ƫJO KDG VLJQLILFDQW HIIHFWV RQ PROWLQJ
UHSURGXFWLRQ DQG HPEU\RJHQHVLV LQ 1 LQWHJHU
:H FRQFOXGH WKDW FKHPLFDOV GHVLJQHG WR GLVUXSW
QRUPDO HFG\VWHURLGMXYHQRLG VLJQDOLQJ LQ LQVHFWV
FDQ KDYH SURIRXQG HIIHFWV RQ JURZWK DQG






TXDQWLILFDWLRQ RI H[SUHVVLRQ LQ
'LSWHUD DQG /HSLGRSWHUD
OHDGLQJ WR WKH ELRV\QWKHVLV RI
K\GUR[\HFG\VRQH
*LOEHUW/,
'HSDUWPHQW RI %LRORJ\ &%  8QLYHUVLW\ RI




,W LV QRZ PRUH WKDQ ILYH GHFDGHV VLQFH %XWHQDQGW
DQG .DUOVRQ FU\VWDOOL]HG HFG\VRQH OHDGLQJ WR LWV
VWUXFWXUDO HOXFLGDWLRQ D IHZ \HDUV ODWHU DQG
DOPRVW ILYH GHFDGHV VLQFH &OHYHU DQG .DUOVRQ
H[DPLQHG WKH HIIHFW RI HFG\VRQH RQ WKH SRO\WHQH
FKURPRVRPHV RI &KLURQRPXV OHDGLQJ WR WKH ILUVW
SURSRVDO WKDW VWHURLG KRUPRQHV DFW DW WKH OHYHO RI
WKH FKURPRVRPH JHQH 'HVSLWH WKRVH FULWLFDO DQG
H[FLWLQJ ILQGLQJV ZH VWLOO GR QRW XQGHUVWDQG KRZ
WKH LQVHFW V\QWKHVL]HV HFG\VRQH IURP FKROHVWHURO
LH WKH ELRV\QWKHWLF VFKHPH UHPDLQV HOXVLYH 7KLV
PDMRU YRLG H[LVWV GHVSLWH D JUHDW GHDO RI UHVHDUFK
WKH ODFN RI VXFFHVV OLNHO\ GXH WR WKH YHU\ ORZ
FRQFHQWUDWLRQ RI LQWHUPHGLDWHV DQG LQ VRPH FDVHV
WKHLU ODELOLW\ ,Q WKH ODVW VHYHUDO \HDUV ZH
 KDYH
UHDGGUHVVHG WKH SUREOHP RI WKH ELRV\QWKHVLV RI
HFG\VRQH DQG K\GUR[\HFG\VRQH (
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH XWLOL]LQJ D JHQHWLF DSSURDFK ZLWK 'URVRSKLOD
PHODQRJDVWHU ELRFKHPLVWU\ IXQFWLRQDO
JHQRPLFV DQG WKH IO\ GDWD EDVH WR FORQH
VHTXHQFH DQG WKHQ H[SUHVV WKH IRXU +DOORZHHQ
JHQHV UHVSRQVLEOH IRU HQFRGLQJ WKH 3 HQ]\PHV
WKDW PHGLDWH WKH ODVW IRXU VWHSV LQ
HFG\VWHURLGRJHQHVLV OHDGLQJ WR ( 7KHVH JHQHV
HQFRGH WKH K\GUR[ODVH
GLVHPERGLHG&\SD WKH K\GUR[\ODVH
VKDGRZ&\SD WKH  K\GUR[\ODVH
SKDQWRP&\SD  DQG WKH K\GUR[\ODVH
VKDGH&\SD  &RQIRFDO PLFURVFRSLF DQDO\VLV
UHYHDOHG WKDW WKHVH 3V UHVLGH LQ WKH
PLWRFKRQGULD RU (5 DQG RQH VKDGH UHVLGHV LQ
HLWKHU RUJDQHOOH SHUKDSV GHSHQGLQJ RQ
SK\VLRORJLFDO FLUFXPVWDQFHV 7KLV ZRUN KDV QRZ
EHHQ H[WHQGHG WR WKH /HSLGRSWHUD 0DQGXFD DQG
%RPE\[ XVLQJ T3&5 WR H[DPLQH FKDQJHV LQ JHQH
H[SUHVVLRQ LQ VHYHUDO WLVVXHV LQFOXGLQJ WKH
ZHOOVWXGLHG SURWKRUDFLF JODQGV :H DUH SUHVHQWO\
LQYHVWLJDWLQJ WKH ³%ODFN %R[´ WKDW UHDFWLRQ RU
VHULHV RI UHDFWLRQV OHDGLQJ WR WKH ILUVW
HFG\VWHURLGOLNH LQWHUPHGLDWH WKH NHWRGLRO DQG
EHOLHYH WKDW WKLV LV WKH NH\ WR HOXFLGDWLQJ WKH HQWLUH
ELRV\QWKHWLF VFKHPH ,Q 'URVRSKLOD WKH UHPDLQLQJ
XQFKDUDFWHUL]HG +DOORZHHQ JHQH SURGXFW LV VSRRN
ZKLFK ZKHQ PXWDWHG UHVXOWV LQ HPEU\RQLF
OHWKDOLW\ GXH WR D YHU\ ORZ HFG\VWHURLG WLWHU DV LV
WKH FDVH ZLWK WKH IRXU FKDUDFWHUL]HG +DOORZHHQ
JHQHV +RZHYHU DOWKRXJK VSRRN &\SD LV
SUHVHQW LQ WKH \RON QXFOHL DQG DPQLRVHURVD DV
GHWHUPLQHG E\ LQ VLWX DQDO\VLV LW LV QRW SUHVHQW LQ
WKH ULQJ JODQGV RI ODWH HPEU\RV RU WKLUG LQVWDU
ODUYDH 7KLV KDV EHHQ D FRQXQGUXP IRU XV IRU
VHYHUDO \HDUV XQWLO RXU ILQGLQJ WKDW D SDUDORJXH RI
VSRRN H[LVWV LQ WKH KHWHURFKURPDWLQ FDOOHG
VSRRNLHU &\SD ZKLFK LV LQGHHG H[SUHVVHG LQ
WKH SURWKRUDFLF JODQG FHOOV RI ERWK WKH HPEU\RQLF
DQG ODUYDO ULQJ JODQGV 6LQFH QR PXWDQWV DUH
DYDLODEOH IRU WKLV KHWHURFKURPDWLQ JHQH
IXQFWLRQDO JHQRPLF DQDO\VLV KDV EHHQ VORZ ,W LV
RXU IHHOLQJ DQG KRSH WKDW VSRRNLHU DFWV ZLWKLQ
WKH ³%ODFN %R[´ DQG WKDW LWV DQDO\VLV ZLOO
XOWLPDWHO\ OHDG WR WKH FRPSOHWH HOXFLGDWLRQ RI WKH
HFG\VWHURLGRJHQLF SDWKZD\ 7KLV ZRUN ZDV
FRQGXFWHG LQ FROODERUDWLRQ ZLWK 0LFKDHO
2¶&RQQRU 8QLYHUVLW\ RI 0LQQHVRWD &KDQWDO
'DXSKLQ9LOOHPDQW 8QLYHUVLWH 3 DQG 0 &XULH
7HWVX 6KLQRGD 1DWLRQDO ,QVWLWXWH RI
$JURELRORJLFDO6FLHQFHVDQGWKHLUFROOHDJXHV






*UXQWHQNR 1( &KHQWVRYD 1$ .DUSRYD (.
$OHNVHHY $$ .RPDURYD 71 %RZQHV 0
5DXVFKHQEDFK,
,QVWLWXWH RI &\WRORJ\ DQG *HQHWLFV 6' 5$6
1RYRVLELUVN5XVVLD
,QVWLWXWH RI &KHPLFDO .LQHWLFV DQG &RPEXVWLRQ
6'5$61RYRVLELUVN5XVVLD
1RYRVLELUVN ,QVWLWXWH RI 2UJDQLF &KHPLVWU\ 6'
5$61RYRVLELUVN5XVVLD




7R UHYHDO LQWHUDFWLRQ PHFKDQLVPV RI
JRQDGRWURSLQV DQG ELRJHQLF DPLQHV LQ WKH FRQWURO
RI GURVRSKLOD UHSURGXFWLRQ ZH VWXGLHG FKDQJHV LQ
WKH PHWDEROLF V\VWHPV RI GRSDPLQH '$
RFWRSDPLQH 2$ K\GUR[\HFG\VRQH ( DQG
MXYHQLOH KRUPRQH -+ XSRQ DOWHUDWLRQ RI OHYHOV RI
WKHVH IRXU KRUPRQHV LQ ' YLULOLV DQG '
PHODQRJDVWHU '$ FRQWHQW ZDV LQFUHDVHG E\
IHHGLQJ IOLHV ZLWK '$ SUHGHFHVVRU /'23$ DQG
GHFUHDVHG E\ IHHGLQJ ZLWK DQ LQKLELWRU RI '$
V\QWKHVLV LRGRW\URVLQH 7KH HIIHFW RI HOHYDWHG
2$ FRQWHQW ZDV H[DPLQHG LQ WKH IOLHV IHG ZLWK WKH
DPLQH DQG WKH LQIOXHQFH RI GHFUHDVHG 2$ FRQWHQW
± LQ WKH RFWRSDPLQHOHVV PXWDQWV 7ơKQP
0RQDVWLULRWL 0  - 1HXURVFL ±
( OHYHO ZDV KLJKWHQHG E\ IHHGLQJ WKH IOLHV ZLWK
H[RJHQRXV ( DQG ORZHUHG E\ H[SRVLQJ
HFG\VRQHOHVV PXWDQWV WR WKH UHVWULFWLYH
WHPSHUDWXUH ZKLFK OHDGV WR WKH DUUHVW RI HFG\VRQH
V\QWKHVLV $XGLW/DPRXU & %XVVRQ '  -
,QVHFW 3K\VLRO ± 7KH HIIHFW RI D
FKDQJHG -+ FRQWHQW ZDV VWXGLHG LQ ZLOG W\SH IOLHV
XSRQ DSSOLFDWLRQ RI H[RJHQRXV -+ DQG LQ
DSWHURXVI PXWDQWV ZLWK D GUDVWLFDOO\ GHFUHDVHG
-+ OHYHO $OWDUDW] 0  0RO &HOO (QGRFULQRO
± :H GHPRQVWUDWH WKDW '$ LQKLELWV
-+ GHJUDGDWLRQ DQG DSSDUHQWO\ LQFUHDVHV LWV
WLWUH LQ WKH \RXQJ IHPDOHV DQG VWLPXODWHV -+
GHJUDGDWLRQ GHFUHDVLQJ -+ WLWUH LQ WKH PDWXUH
RQHV 7KHUH LV D IHHGEDFN LQ WKLV UHJXODWLRQ DQ
HOHYDWLRQ RI -+ WLWUH GHFUHDVHV '$ FRQWHQW LQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH \RXQJ IHPDOHV DQG LQFUHDVHV LW LQ WKH PDWXUH
RQHV 7KH LQFUHDVH RI 2$ FRQWHQW KDV EHHQ VKRZQ
WR ULVH WKH WLWHUV RI ( DQG -+ -+ GHJUDGDWLRQ
JRHV GRZQ WKH GHFUHDVH RI 2$ FRQWHQW JLYHV WKH
RSSRVLWH HIIHFW :H GHPRQVWUDWH WKDW DQ HOHYDWLRQ
RI ( WLWUH UHVXOWV LQ D LQFUHDVH RI '$ OHYHO LQ
\RXQJ IHPDOHV DQG LWV GHFUHDVH LQ WKH PDWXUH
RQHV ZKLFK LQ ERWK FDVHV OHDGV WR D GHFUHDVH RI
-+ GHJUDGDWLRQ DQ LQFUHDVH RI LWV WLWUH 7KH IDOO
RI ( WLWUH FDXVHV D '$ GURS LQ \RXQJ IHPDOHV
DQG LWV ULVH LQ WKH PDWXUH RQHV DQG -+
GHJUDGDWLRQ LQFUHDVH -+ WLWUH GHFUHDVH LQ ERWK
7KH LQFUHDVH RI '$ FRQWHQW LQ \RXQJ IHPDOHV KDV
EHHQ VKRZQ WR UHVXOW LQ D ULVH RI ( WLWUH ZKLFK
VXJJHVWV D UHJXODWLRQ PHGLDWHG E\ -+ LI '$ KDG D
GLUHFW HIIHFW RQ ( PHWDEROLVP E\ IHHGEDFN
PHFKDQLVP ( WLWUH ZRXOG KDYH GHFUHDVHG $Q
LQFUHDVH RI ( WLWUH LQ \RXQJ IHPDOHV XSRQ WKH
H[SHULPHQWDO ULVH RI -+ WLWUH FRQILUPV WKLV
VXJJHVWLRQ 7KXV WKH IROORZLQJ KRUPRQH
LQWHUDFWLRQV KDYH EHHQ IRXQG L 2$ UHJXODWHV -+
DQG ( WLWUHV LL '$ FRQWUROV WKH WLWUHV RI -+
DQG ( LQGLUHFWO\ YLD -+ PHWDEROLF V\VWHP
LLL -+ UHJXODWHV '$ FRQWHQW DQG ( WLWUH LY
( FRQWUROV '$ FRQWHQW DQG -+ WLWUH LQGLUHFWO\
YLD '$ PHWDEROLF V\VWHP %DVHG RQ WKH GDWD
REWDLQHG ZH FRQFOXGH WKDW WKH DERYH LQWHUDFWLRQV
DOORZ WR PDLQWDLQ WKH EDODQFH RI JRQDGRWURSLQV
QHFHVVDU\ DFFRUGLQJ WR 6ROOHU 0 HW DO  'HY
%LRO ± IRU WKH QRUPDO RRJHQHVLV 7KLV
FRQFOXVLRQ KDV EHHQ YHULILHG E\ WKH GHPRQVWUDWLRQ
RI WKH HIIHFW RI ( RQ -+GHILFLW IOLHV
DSWHURXVI ZKRVH IHFXQGLW\ LV GUDVWLFDOO\ ORZHU
WKDQ WKDW RI ZLOG W\SH DQG RYLSRVLWLRQ RQVHW LV
GHOD\HG :LOVRQ 7  'HY %LRO ±
( IHHGLQJ OHG WR D ULVH RI '$ FRQWHQW LQ WKHVH
PXWDQWV DQG DV D FRQVHTXHQFH WR D GHFUHDVH RI
-+ GHJUDGDWLRQ WR WKH ZLOG W\SH OHYHO DQ LQFUHDVH
RI -+ WLWUH DQG WR HDUOLHU RYLSRVLWLRQ RQVHW DQG
KLJKHU IHFXQGLW\ RI \RXQJ IHPDOHV 7KH VWXG\ ZDV




SURWKRUDFLF JODQGV RI WKH
VLONZRUP Bombyx mori
*X6+
'HSDUWPHQW RI =RRORJ\ 1DWLRQDO 0XVHXP RI




(FG\VWHURLGRJHQHVLV LQ WKH SURWKRUDFLF JODQGV LV
DFWLYDWHG E\ QHXURSHSWLGH SURWKRUDFLFWURSLF
KRUPRQH 7KH SUHVHQW VWXG\ GHPRQVWUDWHG
DXWRFULQH DFWLYDWLRQ RI HFG\VWHURLGRJHQHVLV LQ
SURWKRUDFLF JODQGV RI WKH VLONZRUP %RPE\[
PRUL 8VLQJ ERWK D ORQJ WHUP LQ YLWUR RUJDQ
FXOWXUH V\VWHP DQG HFG\VWHURLG
UDGLRLPPXQRDVVD\ LW ZDV IRXQG WKDW HLWKHU
GHFUHDVLQJ WKH LQFXEDWLRQ YROXPH IURP  WR 
ƫO RU LQFUHDVLQJ WKH QXPEHU RI JODQGV LQFXEDWHG
SHU GURS  ƫO IURP  WR  VLJQLILFDQWO\ LQFUHDVHG
HFG\VWHURLG VHFUHWLRQ 7KH SURWKRUDFLF
JODQGFRQGLWLRQHG PHGLXP ZDV XVHG WR FODULI\ WKH
DXWRFULQH IDFWRU 7KH UHVXOWV VKRZHG WKDW
DFWLYDWLRQ RI HFG\VWHURLGRJHQHVLV E\ WKH
SURWKRUDFLF JODQGFRQGLWLRQHG PHGLXP DSSHDUV
WR EH GRVHGHSHQGHQW DQG WKDW WKH GUDPDWLF
LQFUHDVH LQ HFG\VWHURLG VHFUHWLRQ ZDV REVHUYHG
DIWHU  K LQFXEDWLRQ ZLWK FRQGLWLRQHG PHGLXP
7KH WURSLF IDFWRU ZDV IXUWKHU FKDUDFWHUL]HG DQG LW
ZDV IRXQG WKDW WKH IDFWRU VHHPV WR EH KHDWVWDEOH
ZLWK LWV PROHFXODU ZHLJKW EHLQJ HVWLPDWHG WR
UHVLGH EHWZHHQ  'D DQG  'D ,QMHFWLRQ
RI FRQFHQWUDWHG SXWDWLYH DXWRFULQH IDFWRU LQWR GD\
 ODVW LQVWDU ODUYDH JUHDWO\ LQFUHDVHG
HFG\VWHURLGRJHQLF DFWLYLW\ RI WKH SURWKRUDFLF
JODQGV DV FRPSDUHG ZLWK WKRVH LQMHFWHG ZLWK
VDOLQH LQGLFDWLQJ WKH LQ YLYR IXQFWLRQ RI WKH
SUHVHQW IDFWRU 7R P\ NQRZOHGJH WKLV LV WKH ILUVW
VWXG\ WR GHPRQVWUDWH WKDW SURWKRUDFLF JODQGV
VHFUHWH DQ DXWRFULQH HFG\VLRWURSLF IDFWRU LQ YLWUR
ZKLFK KDV D ELRORJLFDO IXQFWLRQ LQ YLYR )URP WKH
VLPLODU FKDUDFWHULVWLFV RI WKH DERYH IDFWRU DV WKH
DXWRFULQH JURZWK IDFWRU UHSRUWHG LQ WKH SUHYLRXV
VWXG\ LW ZDV VXSSRVHG WKDW LW PD\ EH WKH VDPH




+DQQDQ *1 *UDKDP / ' 3DZODN $ 1R\FH
/ 7RKLGL(VIDKDQL ' 3ROODUG 0 +RZHOO /
/RYUHF] */ X/  &DUPLFKDHO - 3LOOLQJ 3
-RKQVRQ :0 %OLHVH 0 /DZUHQFH 0&DQG +LOO
5-
&6,52 0ROHFXODU DQG +HDOWK 7HFKQRORJLHV 3R
%R[1RUWK5\GH16:$XVWUDOLD
&6,52 0ROHFXODU DQG +HDOWK 7HFKQRORJLHV 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 5R\DO3DUDGH3DUNYLOOH9,&$XVWUDOLD
&6,52 0ROHFXODU DQG +HDOWK 7HFKQRORJLHV
%D\YLHZ$YHQXH&OD\WRQ9,&




:H KDYH FORQHG DQG FKDUDFWHULVHG IXOOOHQJWK
F'1$V HQFRGLQJ ERWK (F5 DQG 863 VXEXQLWV IRU
HFG\VRQH UHFHSWRUV IURP LQVHFW SHVWV VSDQQLQJ
WKUHH RUGHUV WKH FRWWRQ EROOZRUP +HOLFRYHUSD
DUPLJHUD /HSLGRSWHUD WKH $XVWUDOLDQ VKHHS
EORZIO\ /XFLOLD FXSULQD 'LSWHUD DQG WKUHH
PHPEHUV RI WKH +HPLSWHUD WKH SHDFK DSKLG
0\]XV SHUVLFDH WKH VLOYHUOHDI ZKLWHIO\ %HPHVLD
WDEDFL DQG WKH JUHHQ YHJHWDEOH EXJ 1H]DUD
YLULGXOD 7KH F'1$V KDYH EHHQ SODFHG LQWR
H[SUHVVLRQ YHFWRUV DQG WUDQVIHFWHG LQWR &+2 DQG
&9 PDPPDOLDQ FHOOV DORQJ ZLWK UHSRUWHU JHQHV
IXQFWLRQDOO\ OLQNHG WR HFG\VWHURLG UHVSRQVLYH
SURPRWHUV 7KH DELOLW\ RI WKH UHFHSWRUV WR DFWLYDWH
UHSRUWHU JHQHV LQ UHVSRQVH WR LQVHFW HFG\VWHURLGV
DQG SK\WRHFG\VWHURLGV KDV EHHQ VWXGLHG 7KH
UHVSRQVHV RI RXU FORQHG HFG\VRQH UHFHSWRUV WR
GLIIHUHQW OLJDQGV ZLOO EH GLVFXVVHG )XOOOHQJWK
UHFHSWRU HQFRGLQJ F'1$V KDYH EHHQ H[SUHVVHG LQ
DQ LQ YLWUR WUDQVFULSWLRQ DQG WUDQVODWLRQ V\VWHP WR
H[DPLQH WKH SURWHLQ SURGXFWV RI WKHLU RSHQ
UHDGLQJ IUDPHV 5HJLRQV IURP ZLWKLQ ERWK (F5
DQG 863 VXEXQLWV RI RXU FORQHG UHFHSWRUV KDYH
DOVR EHHQ VXEFORQHG IRU H[SUHVVLRQ LQ D
EDFXORYLUXV V\VWHP 6WXGLHV RI WKH SURSHUWLHV RI
WKH H[SUHVVHG SURWHLQ VHJPHQWV LQFOXGLQJ
FRPSHWLWLRQ OLJDQG ELQGLQJ LQ YLWURZ L O OE H
GHVFULEHG $ QHZ IOXRUHVFHQFH SRODULVDWLRQ
ELQGLQJ DVVD\ VXLWDEOH IRU KLJKWKURXJKSXW
VFUHHQLQJ KDV EHHQ GHYHORSHG HPSOR\LQJ
VXEFORQHG UHFHSWRU VHJPHQWV DQG D QRYHO
IOXRUHVFHQW HFG\VWHURLG FRQMXJDWH 7KH
WKUHHGLPHQVLRQDO VWUXFWXUH RI WKH % WDEDFL
HFG\VRQH UHFHSWRU KHWHURGLPHULF OLJDQGELQGLQJ
GRPDLQ KDV EHHQ VROYHG E\ ;UD\ GLIIUDFWLRQ
&DUPLFKDHO -$ HW DO  - %LRO &KHP 
± 7KLV LV WKH ILUVW FU\VWDO VWUXFWXUH
RI DQ HFG\VRQH UHFHSWRU IURP D SHVW LQVHFW WKDW LV
QRW VXVFHSWLEOH WR WKH ELVDF\OK\GUD]LQH
LQVHFWLFLGHV &RPSDULVRQ EHWZHHQ WKLV VWUXFWXUH
DQG WKDW RI WKH +HOLRWKLV YLUHVFHQV UHFHSWRU
OLJDQGELQGLQJ GRPDLQ %LOODV , HW DO 
1DWXUH  ± DOORZV K\SRWKHVHV UHODWLQJ WR
WKH PROHFXODU PHFKDQLVPV XQGHUO\LQJ WKH
WD[RQRPLF RUGHU VHOHFWLYLW\ RI WKHVH LQVHFWLFLGHV WR
EHFRQVLGHUHG
,PPXQRPRGXODWRU\
SURSHUWLHV RI VHOHFWHG QDWXUDO
SK\WRHFG\VWHURLGV
+DUPDWKD-.PRQtFNRYi(=tGHN=
,QVWLWXWH RI 2UJDQLF &KHPLVWU\ DQG %LRFKHPLVWU\
$FDGHP\ RI 6FLHQFHV /DERUDWRU\ RI 1DWXUDO
SURGXFWV3UDJXH&]HFK5HSXEOLF
,QVWLWXWH RI ([SHULPHQWDO 0HGLFLQH $FDGHP\ RI






(IIHFWV RI SK\WRHFG\VWHURLGV RQ LPPXQRELRORJLFDO
UHVSRQVHV WULJJHUHG E\ OLSRSRO\VDFFKDULGH DQG
LQWHUIHURQƢ ZHUH WHVWHG XQGHU LQ YLWUR FRQGLWLRQV
XVLQJ PXULQH UHVLGHQW SHULWRQHDO PDFURSKDJHV
1DPHO\ SURGXFWLRQ RI QLWULF R[LGH DQG VHFUHWLRQ
RI VSHFLILF F\WRNLQHV DQG FKHPRNLQHV ZHUH
LQYHVWLJDWHG 7KH VHULHV RI WHVW DJHQWV
HQFRPSDVVHG HFG\VWHURLGV RFFXUULQJ RIWHQ DV
PDMRU FRPSRQHQWV RI WKH HFG\VWHURLG IUDFWLRQ LQ
SODQW H[WUDFWV K\GUR[\HFG\VRQH SRO\SRGLQH
% DMXJDVWHURQH & SRQDVWHURQH $ DQG
LQRNRVWHURQH 7KHLU VWUXFWXUDO YDULDELOLW\ FRQFHUQV
RQO\ YDULDWLRQ RI WKH QXPEHU DQG SRVLWLRQ RI
K\GUR[\OV 7ZR DGGLWLRQDO HFG\VWHURLGV
PDNLVWHURQH $ ZLWK D PHWK\O VXEVWLWXHQW DW
SRVLWLRQ  DQG FDUWKDPRVWHURQH ZLWK R[LGLVHG
HWK\O VXEVWLWXHQW IL[HG WR WKH K\GUR[\O DW
SRVLWLRQ  IRUPLQJ D F\FOLF VLGHFKDLQ ODFWRQH
$OO WHVWHG FRPSRXQGV UHSUHVHQW QDWXUDO
VXEVWDQFHV LVRODWHG IURP WKH PHGLFLQDO SODQW
/HX]HD FDUWKDPRLGHV 3LV - HW DO 
3K\WRFKHPLVWU\  ± 9RNiF . 
&ROOHFW &]HFK &KHP &RPPXQ  ± DQG
DUH VXSSRVHG WR EH VLJQLILFDQW IRU WKH RIWHQ
UHSRUWHG SKDUPDFRORJLFDO DFWLYLWLHV RI
SUHSDUDWLRQV GHULYHG IURP WKLV VSHFLHV /DIRQW 5
'LQDQ /  - ,QVHFW 6FL  RQOLQH
LQVHFWVFLHQFHRUJ /DIRQW 5 HW DO  7KH
(FG\VRQH +DQGERRN RQOLQH KWWSHFG\EDVHRUJ
KWWSKWWSHFG\EDVHRUJ  5HODWLRQ EHWZHHQ WKH
PROHFXODU VWUXFWXUH DQG LPPXQRELRORJLFDO
DFWLYLW\ ZDV LQYHVWLJDWHG DQG LPSOLFDWLRQ RI WKH
VLGHFKDLQ PRLHW\ ZDV DVVHVVHG +RZHYHU WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WHVWHG HFG\VWHURLGV GLG QRW LQWHUIHUH ZLWK WKH
LPPXQRELRORJLFDO DFWLYLW\ RI WKH
LPPXQRFRPSHWHQW FHOOV 2QO\ VPDOO DFWLYLW\ ZDV
UHFRUGHG LQ KLJK FRQFHQWUDWLRQV RI LQRNRVWHURQH
DQG SRQDVWHURQH $ 7KXV RXU UHVXOWV GLIIHU IURP
WKH LQIRUPDWLRQ SUHVHQWHG DW WKH WK(FG\VRQH
:RUNVKRS LQ 5DSSHUVZLO .KRORGRYD < 
8NUDLQVNLM ELRNKLPLFKHVNLM ]KXUQDO   7KH
HIILFDF\ RI HFG\VWHURLGV ZDV FRPSDUHG ZLWK
OLJQDQV DQG 1IHUXOR\OVHURWRQLQV IURP /
FDUWKDPRLGHV H[KLELWLQJ KLJKHU
LPPXQRPRGXODWRU\ DFWLYLW\ +DUPDWKD - 
,Q 3RO\SKHQROV &RPPXQLFDWLRQV 
8QLYHUVLW\ RI +HOVLQNL SS  ,W LQGLFDWHV WKDW
SKHQ\OSURSDQRLGV DUH PRUH FRPSHWHQW IRU WKH
LPPXQRSKDUPDFRORJLFDO IHDWXUH RI WKH VSHFLHV
WKDQ HFG\VWHURLGV 6XSSRUWHG E\ *$&5 JUDQWV 1R
 1R  LQ SDUW DOVR E\




D QRYHO HFG\VWHURLG UHFHSWRU
FRPSOH[ IURP WKH PDULQH
FRSHSRG Calanus
finmarchicus
+HQGHUVRQ 5 3 R Q G'  6PHUGRQ *DQG 'LQDQ
/
'HSDUWPHQW RI %LRORJLFDO 6FLHQFHV 8QLYHUVLW\ RI
([HWHU'HYRQ(;4'8.
%ULWLVK $QWDUFWLF 6XUYH\ &DPEULGJH &% 2(7
8.





&RSHSRGV DUH VPDOO \HW H[WUHPHO\ DEXQGDQW
ORZHU FUXVWDFHDQV IRXQG LQ DOPRVW DOO DTXDWLF
HQYLURQPHQWV 7KH PDULQH FRSHSRG &DODQXV
ILQPDUFKLFXV LV WKH GRPLQDQW ]RRSODQNWRQ VSHFLHV
LQ WKH 1RUWK $WODQWLF 2FHDQ DQG SOD\V D NH\ UROH LQ
WKH IRRGFKDLQ DV WKH PDMRU SUH\ LWHP IRU PDQ\
FRPPHUFLDOO\ LPSRUWDQW ILVK VSHFLHV 5XQJH -$
 ,Q %R[VKDOO *$ 6FKPLQNH +. HGLWRUV
%LRORJ\ RI &RSHSRGV 3URFHHGLQJV  ,QWHUQDWLRQDO
&RQIHUHQFH RQ &RSHSRGD /RQGRQ 8. $XJ
 +\GURELRORJLD YRO ± SS ±
'HVSLWH WKHLU HFRORJLFDO LPSRUWDQFH DQG LQFUHDVHG
DSSOLFDWLRQ DV D PRGHO RUJDQLVP IRU WR[LFRORJLFDO
WHVWLQJ SUDFWLFDOO\ QRWKLQJ LV NQRZQ DERXW WKH
HQGRFULQRORJ\ RI FRSHSRGV 8VLQJ SXEOLVKHG
VHTXHQFH GDWD IURP RWKHU DUWKURSRGV DQG
PROHFXODU FORQLQJ WHFKQLTXHV ZH KDYH LVRODWHG
WKH IXOOOHQJWK HFG\VWHURLG UHFHSWRU &IL(F5 DQG
UHWLQRLG;UHFHSWRU &IL5;5 F'1$ KRPRORJXHV
IURP & ILQPDUFKLFXV $QDO\VLV RI WKH GHGXFHG
DPLQR DFLG VHTXHQFHV FRPSULVLQJ WKH FRQVHUYHG
'1$ DQG OLJDQGELQGLQJ GRPDLQV '%' DQG
/%'V KDV UHYHDOHG WKDW WKH '%' RI WKH &IL5;5
VKRZV KLJK VLPLODULW\ WR LQVHFW 863V ZKLOH WKH
/%' PRVW FORVHO\ UHVHPEOHV YHUWHEUDWH 5;5V ,Q
FRQWUDVW WKH &IL(F5 DSSHDUV WR EH TXLWH XQLTXH
7KH /%' LV VLPLODU WR LQVHFW (F5V EXW WKH '%'
GRHV QRW GLVSOD\ WKH KLJK OHYHO RI FRQVHUYDWLRQ
FKDUDFWHULVWLF RI DQ\ RWKHU (F5 SUHYLRXVO\
GHVFULEHG SURYLGLQJ D YDOXDEOH LQVLJKW LQWR WKH
HYROXWLRQ RI WKLV UHFHSWRU LQ DUWKURSRGV ,Q RUGHU
WR GHPRQVWUDWH WKH IXQFWLRQDOLW\ RI WKH &
ILQPDUFKLFXV UHFHSWRU FRPSOH[ ZH KDYH
RYHUH[SUHVVHG ERWK FRSHSRG UHFHSWRUV DV
+LVWDJJHG IXVLRQ SURWHLQV LQ ( FROL DQG KDYH
EHHQ DEOH WR GHPRQVWUDWH WKDW DV D FRPSOH[
&IL(F5 DQG &IL863 ELQG >+@SRQDVWHURQH $ ZLWK
KLJK DIILQLW\ :H KDYH DOVR IRXQG WKDW WKH &IL(F5
LV FDSDEOH RI LQWHUDFWLQJ ZLWK WKH KXPDQ 5;5Ơ WR
ELQG HFG\VWHURLGV %\ VFUHHQLQJ D ZLGH UDQJH RI
SXULILHG HFG\VWHURLG DJRQLVWV DQG DQWDJRQLVWV ZH
KDYH EHHQ DEOH WR DVVHVV WKH ELQGLQJ VSHFLILFLW\ RI
WKLV QRYHO FRSHSRG HFG\VWHURLG UHFHSWRU FRPSOH[
'HWDLOV RI WKH LVRODWLRQ H[SUHVVLRQ DQG ELQGLQJ
VSHFLILFLW\ZLOOEHSUHVHQWHG




GHFOLQH RI WKH HFG\VWHURLG WLWHU
DWWKHHQGRIWKHPROW
+LUXPD.DE5LGGLIRUG/0E
D)DFXOW\ RI $JULFXOWXUH DQG /LIH 6FLHQFHV
+LURVDNL8QLYHUVLW\+LURVDNL-DSDQ





'RSD GHFDUER[\ODVH ''& LV D NH\ HQ]\PH
UHVSRQVLEOH IRU VFOHURWL]DWLRQ DQG FXWLFXODU
PHODQL]DWLRQ ''& H[SUHVVLRQ RFFXUV VKRUWO\
EHIRUH WKH ODVW ODUYDO PROW LQ WKH WREDFFR
KRUQZRUP 0DQGXFD VH[WD RQ WKH GHFOLQH RI WKH
HFG\VWHURLG WLWHU 'XULQJ WKH ODUYDO PROW DV WKH
HFG\VWHURLG WLWHU SHDNV 0+5 P51$ DSSHDUV
IROORZHG E\ (% P51$ 0+5 P51$ WKHQ
DSSHDUV DV WKH WLWHU GHFOLQHV 3UHYLRXV VWXGLHV
>+LUXPD . DQG 5LGGLIRUG /0  'HY %LRO
 ± VKRZHG WKDW WKH H[SUHVVLRQ RI
0+5 P51$ LQ WKH HSLGHUPLV LV GLUHFWO\ LQGXFHG
E\ K\GUR[\HFG\VRQH ( EXW GRHV QRW RFFXU
XQWLO D (LQGXFHG SURWHLQV GLVDSSHDUV ,Q WKH
0DQGXFD *9 FHOO OLQH 0+5 H[SUHVVLRQ ZDV
LQGXFHG E\ ( EXW QHLWKHU (% QRU 0+5
P51$ DSSHDUHG :KHQ FHOOV ZHUH WUDQVIHFWHG
ZLWK 0+5 51$L 0+5 P51$ DSSHDUHG LQ
UHVSRQVH WR ( LQGLFDWLQJ WKDW 0+5 LV RQH RI
WKH (LQGXFHG LQKLELWRU\ IDFWRUV :KHQ
S,(KU(% ZDV WUDQVIHFWHG LQWR WKH FHOOV WR
H[SUHVV (% FRQVWLWXWLYHO\ 0+5 P51$ DOVR
DSSHDUHG LQ UHVSRQVH WR ( 8VH RI WKH
%DFWHULR0DWFK ,, WZRK\EULG DVVD\ VKRZHG WKDW
(% IRUPV D KHWHURGLPHU ZLWK 0+5 WKHUHE\
SUHYHQWLQJ WKH LQKLELWRU\ DFWLRQ RI 0+5 7KH
FRQVWLWXWLYH H[SUHVVLRQ RI (% DQG 0+5 LQ WKH
FHOOV VXSSUHVVHG WKH DFWLYDWLRQ RI WKH  NE ''&
SURPRWHU EXW ( KDG OLWWOH HIIHFW RQ WKHVH
DFWLRQV 7KXV (% DQG 0+5 DUH (LQGXFHG
LQKLELWRU\ IDFWRUV WKDW VXSSUHVV ''& H[SUHVVLRQ
DQG WKHUHIRUH DFW DV HFG\VWHURLGUHJXODWHG WLPHUV
WR FRRUGLQDWH WKH RQVHW RI ''& H[SUHVVLRQ DW WKH







+R 5 7HDL 7 /RTXHW ' %LDQFKLQL -3
5DKDULYHORPDQDQD3
/DERUDWRLUH GH &KLPLH GHV 6XEVWDQFHV 1DWXUHOOHV




)HUQV KDYH DOZD\V SOD\HG DQ LPSRUWDQW SDUW LQ WKH
HYHU\GD\ OLYHV RI WKH 3RO\QHVLDQV DV RUQDPHQWDO
DQG PHGLFLQDO SODQWV 7KH XVH RI SODQWV KDV TXLWH
GUDVWLFDOO\ GHFUHDVHG DQG RQO\ VRPH VSHFLHV DUH
VWLOO LQ XVH $PRQJ WKHP ZH FDQ ILQG WKH
0LFURVRUXP VFRORSHQGULD EHWWHU NQRZQ DV
µPHWXD SXD¶D¶ LQ 7DKLWL 7KLV IHUQ EHORQJV WR WKH
3RO\SRGLDFHDH IDPLO\ ZKLFK LV NQRZQ WR FRQWDLQ
SK\WRHFG\VWHURLGV DQG LV HPSOR\HG LQ WKH
PHGLFLQDO SUHSDUDWLRQV RI PDQ\ SRO\QHVLDQ
WUDGLWLRQDO UHPHGLHV 7KLV VSHFLHV JURZV DW KLJK
DQG ORZ DOWLWXGH RQ WKH JURXQG DV ZHOO DV LQ DQ
HSLSK\WLF PDQQHU 6L[ VSHFLHV RI 0LFURVRUXP DUH
IRXQG LQ )UHQFK 3RO\QHVLD 0 VFRORSHQGULD 0
SXQFWDWXP 0 PD[LPXP 0 FRPPXWDWXP 0
PHPEUDQLIROLXP DQG 0 UXELGXP 0ROHFXOHV
KDYLQJ D ELRORJLFDO DFWLYLW\ DQG EHORQJLQJ WR WKH
HFG\VWHURLG IDPLO\ KDYH EHHQ IRXQG LQ WKH
3RO\SRGLXP JHQXV IRUPHU ERWDQLFDO QDPH IRU
0LFURVRUXP $ FKHPLFDO VXUYH\ RI WKH VL[ VSHFLHV
RI WKH 0LFURVRUXP JHQXV IURP )UHQFK 3RO\QHVLD
KDV EHHQ GRQH WR LGHQWLI\ DQG TXDQWLI\ WKHVH
DFWLYH PROHFXOHV 6DPSOHV RI WKH VL[ VSHFLHV KDYH
EHHQ FROOHFWHG IURP VLWHV PDLQO\ ORFDWHG RQ WKH
LVODQG RI 7DKLWL DQG WKHQ LGHQWLILHG $ IUDFWLRQ
ULFK LQ HFG\VWHURLGV KDV EHHQ REWDLQHG IRU HDFK
VSHFLHV IURP WKHLU FUXGH H[WUDFW 7KH
HVWDEOLVKPHQW RI D FKURPDWRJUDSKLF SURILOH
REWDLQHG E\ +LJK 3HUIRUPDQFH /LTXLG
&KURPDWRJUDSK\ PDNHV LW SRVVLEOH WR HYDOXDWH WKH
TXDQWLW\ RI HFG\VWHURLG IUDFWLRQ LQ HDFK VL[
VSHFLHV DQG WKHQ GHWHUPLQH WKH SURSRUWLRQ RI WKH
PDMRU HFG\VWHURLGV HFG\VRQH DQG
K\GUR[\HFG\VRQH 7KH UHVXOWV VKRZ WKDW PRVW
VSHFLHV RI 0LFURVRUXP LQ )UHQFK 3RO\QHVLD
FRQVWLWXWH DQ H[FHOOHQW VRXUFH RI






+RSNLQV 30 'XULFD '6 1DMDU ) .XSIHU '
/DL+/LQ65RH%
'HSDUWPHQW RI =RRORJ\ DQG 'HSDUWPHQW RI





:H LGHQWLILHG F'1$ FORQHV WKDW HQFRGH LVRIRUPV
RI WKH HFG\VWHURLG UHFHSWRU 8S(F5 DQG WKH
UHWLQRLG; UHFHSWRU 8S5;5 IURP WKH ILGGOHU
FUDE 8FD SXJLODWRU  6HYHUDO 8S5;5 F'1$
VSOLFLQJ YDULDQWV RFFXUUHG LQ FRGLQJ UHJLRQV WKDW
FRXOG SRWHQWLDOO\ LQIOXHQFH IXQFWLRQ $ ILYHDPLQR
DFLG DD LQVHUWLRQGHOHWLRQ LV ORFDWHG LQ WKH ³7´
ER[ LQ WKH KLQJH UHJLRQ $QRWKHU DD
LQVHUWLRQGHOHWLRQ LV IRXQG LQVLGH WKH
OLJDQGELQGLQJ GRPDLQ /%' EHWZHHQ KHOL[ 
DQG KHOL[  5LERQXFOHDVH SURWHFWLRQ DVVD\V 53$
VKRZHG WKDW IRXU GLIIHUHQW 8S5;5 WUDQVFULSWV 
8S5;5 8S5;5ï 8S5;5ï
DQG 8S5;5 ïï  ZHUH SUHVHQW LQ
UHJHQHUDWLQJ OLPE EXGV 5$&( LGHQWLILHG WKH VDPH
5;5 LVRIRUPV LQ WKH F'1$ OLEUDULHV IRU ERWK 8
SXJODWRU DQG DQRWKHU 8FD VSHFLHV
8S5;5ï LV WKH PRVW DEXQGDQW LVRIRUP
WUDQVFULSW SUHVHQW LQ UHJHQHUDWLQJ OLPE EXGV LQ
ERWK HDUO\ UHJHQHUDWLQJ OLPE EXGV EODVWHPDO
WLVVXHV DQG ODWH UHJHQHUDWLRQ VWDJHV
K\SHUWURSKLF SURHFG\VLDO WLVVXHV ([SUHVVHG
FUDE QXFOHDU UHFHSWRUV ZHUH XVHG LQ (06$ *67
SXOO GRZQ FRQYHQWLRQDO ELQGLQJ DVVD\V DQG
SURWHLQ LQWHUDFWLRQ DQDO\VLV XVLQJ VXUIDFH
SODVPRQ UHVRQDQFH WHFKQRORJ\ 635 (06$
UHVXOWV VKRZHG WKDW WKH 8S(F58S5;5ï
KHWHURFRPSOH[ ERXQG ZLWK D VHULHV RI KRUPRQH
UHVSRQVH HOHPHQWV +5(V %LQGLQJ WR DQ ,5SHU
+5( RFFXUUHG RQO\ LI WKH 8S5;5 SDUWQHU
FRQWDLQHG WKH DD /%' LQVHUWLRQ 7KH UHVXOWV RI
*67SXOO GRZQ H[SHULPHQWV VKRZHG WKDW 8S(F5
ZRXOG LQWHUDFW RQO\ ZLWK 8S5;5V WKDW FRQWDLQHG
WKH DD LQVHUWLRQ %RWK (06$ DQG 635 DQDO\VHV
VKRZHG WKDW LVRIRUPV ODFNLQJ WKH DD DQG DD
LQVHUWV FRXOG KRPRGLPHUL]H DQG LQWHUDFW ZLWK D
'5* +5( :H FRPSDUHG GLVWULEXWLRQV RI (67V
GHULYHG IURP WKH WZR GLVWLQFW VWDJHV RI OLPE
UHJHQHUDWLRQ $PRQJ WKH PRVW DEXQGDQW
VHTXHQFHV REVHUYHG GXULQJ WKH ODWH SURHFG\VLDO
K\SHUWURSKLF SKDVH ZHUH VHTXHQFHV LQYROYHG LQ
PXVFOH GLIIHUHQWLDWLRQ DQG FXWLFOH GHSRVLWLRQ
LQFOXGLQJ /,0UHODWHG SURWHLQV PXVFOH DFWLQV DQG
P\RVLQ FXWLFOH SURWHLQV DQG SKHQ\O R[LGDVH
DFWLYDWLQJ IDFWRU :LWKLQ WKH GLVWULEXWLRQ RI WKH
PRVW DEXQGDQW VHTXHQFHV LQ WKH EODVWHPDO OLEUDU\
KRZHYHU WKHUH ZHUH D QXPEHU RI WUDQVFULSWV
VKRZLQJ KRPRORJ\ WR IDFWRUV LQYROYHG LQ 1)Ʃ%
VLJQDOLQJ SDWKZD\V LQFOXGLQJ 71)56)$
PRGXODWRU SURWHLQ UHWLQRLGUHSUHVVLEOH 7*)ơ
QXFOHDU SURWHLQ  DQG D QXPEHU RI SURWHLQV OLQNHG
WR DSRSWRVLV VXFK DV KRPRORJXHV WR PDFURSDLQ
DQG F\FORSKLOLQ :H K\SRWKHVL]H WKDW D 71)
VLJQDOLQJ SDWKZD\ LV LQYROYHG LQ WKH UHJXODWLRQ RI
SUR DQG DQWLDSRSWRWLF VLJQDOLQJ GXULQJ HDUO\
EODVWHPDO GHYHORSPHQW SHUKDSV VXEMHFW WR
FURVVWDON ZLWK UHWLQRLGVLJQDOLQJ SDWKZD\V
([RJHQRXV UHWLQRLGV DIIHFW HDUO\ UHJHQHUDWLQJ
OLPE EXG RUJDQL]DWLRQ +3/& 89 DEVRUSWLRQ DQG
*&06 DQDO\VHV RI HDUO\ EODVWHPDV LQGLFDWHG WKDW
VHYHUDO UHWLQRLGV DQGRU UHWLQRLG PHWDEROLWHV ZHUH
SUHVHQW LQ WKLV WLVVXH (67 OLEUDU\ DQDO\VLV DQG
ELRFKHPLFDO DQDO\VLV VXJJHVW WKH SUHVHQFH RI ERWK
FHOOXODU UHWLQRLG ELQGLQJ SURWHLQV DQG HQ]\PHV
LQYROYHGLQUHWLQRLGPHWDEROLVP
2[DGLD]ROLQHV DV JHQH VZLWFK
OLJDQGV
+RUPDQQ 5 &KRUW\N 2 7KRPSVRQ & )UL] -
&UHVV'/L%




/LJDQG LQGXFLEOH JHQH H[SUHVVLRQ V\VWHPV JHQH
VZLWFKHV KDYH SRWHQWLDO DSSOLFDWLRQV LQ KXPDQ
JHQH WKHUDS\ DQG WKH SURGXFWLRQ RI WKHUDSHXWLF
SURWHLQV 7KH R[DGLD]ROLQHV DUH D QHZ FODVV RI
JHQH VZLWFK OLJDQGV IRU WKH HFG\VRQH UHFHSWRU
(F5 $ OLEUDU\ RI GLVXEVWLWXWHGR[DGLD]ROLQHV
KDV EHHQ SUHSDUHG E\ VROXWLRQ SKDVH V\QWKHVLV
DQG DVVD\HG LQ WKH (F5EDVHG JHQH H[SUHVVLRQ
V\VWHPV 5HSUHVHQWDWLYHV RI WKLV FODVV LQGXFHG
PDUNHU UHSRUWHU JHQHV DW OHYHOV VHYHUDO KXQGUHG WR
WKLUW\ WKRXVDQG IROG DERYH EDFNJURXQG ZLWK (&
YDOXHVLQWKHUDQJHRI±PLFURPRODU
7KH HIIHFW RI HFG\VRQH RQ








&LUFDGLDQ UK\WKPV DUH IOXFWXDWLRQV LQ
SK\VLRORJLFDO DQG EHKDYLRUDO DFWLYLWLHV WKDW RFFXU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH RYHU D SHULRG RI DERXW  KRXUV 7KH *HUPDQ
FRFNURDFK %ODWWHOOD JHUPDQLFD / LV D QRFWXUQDO
VSHFLHV DQG LWV ORFRPRWRU DFWLYLWLHV PDLQO\ RFFXU
GXULQJ VFRWRSKDVH 0DOH DGXOWV H[KLELW
IUHHUXQQLQJ UK\WKP XQGHU FRQVWDQW GDUNQHVV DQG
WKH ORFRPRWRU DFWLYLW\ LV KLJKHU GXULQJ WKH
VXEMHFWLYH QLJKW )RU IHPDOH WKH ORFRPRWLRQ GRHV
QRW VKRZ D FLUFDGLDQ UK\WKP DV LQ PDOH 7KH
ORFRPRWRU DFWLYLW\ LV VLJQLILFDQWO\ LQFUHDVHG D IHZ
GD\V EHIRUH WKH IRUPDWLRQ RI RRWKHFD 7KH
ORFRPRWRU FLUFDGLDQ UK\WKP RI IHPDOHV LV PDVNHG
E\ WKH GHYHORSPHQW RI RYDULHV /LQ 70 /HH +-
 &KURQRELRO ,QW  ± %HLQJ UHPRYHG
RYDULHV LQ WKH ODVW LQVWDU IHPDOH DGXOWV VKRZ
IUHHUXQQLQJ UK\WKP XQGHU FRQVWDQW GDUNQHVV DV
LQ PDOH )XUWKHUPRUH MXYHQLOH KRUPRQH LV WKH
PDMRU KRUPRQH FRQWUROOLQJ WKH RYDULDQ
GHYHORSPHQW DOODWHFWRP\ QRW RQO\ GHFUHDVHV WKH
ORFRPRWLRQ EXW DOVR HOLPLQDWHV WKH PDVNLQJ HIIHFW
/LQ 70 /HH +-  - ,QVHFW 3K\VLRO 
± 7KH RYDU\ LV WKH PDMRU VRXUFH RI
FLUFXODWLQJ HFG\VWHURLGV LQ WKH DGXOW IHPDOH
*HUPDQ FRFNURDFK 5RPDQD , HW DO  (XU -
(QWRPRO  ± 7KHUHIRUH WKH HIIHFW RI
K\GU[\HFG\VRQH ( RQ ORFRPRWLRQ ZDV
GHWHUPLQHG E\ LQMHFWLRQ RI ( LQWR DGXOW
FRFNURDFKHV ( LQFUHDVHG WKH ORFRPRWRU DFWLYLW\
LQ ERWK PDOHV DQG IHPDOHV ,Q DGGLWLRQ WKH
ORFRPRWLRQ RFFXUUHG GD\ DQG QLJKW ZLWKRXW
FLUFDGLDQ UK\WKP 7KH UHVXOW VXJJHVWHG WKDW




SURJUDPPHG FHOO GHDWK RI
Bombyx DQWHULRUVLONJODQG
,JD0,ZDPL06DNXUDL6
'LYLVLRQ RI /LIH 6FLHQFHV *UDGXDWH 6FKRRO RI





,Q DQLPDO GHYHORSPHQW WLVVXHV WKDW SRVVHVV
VWDJHVSHFLILF IXQFWLRQV DUH HOLPLQDWHG WKURXJK
SURJUDPPHG FHOO GHDWK 3&' DIWHU FRPSOHWLQJ
WKHLU UROHV ,Q KRORPHWDERORXV LQVHFWV WKH ODUYDO
VSHFLILF WLVVXHV XQGHUJR 3&' DW RU VKRUWO\ DIWHU
WKH ODUYDOSXSDO WUDQVIRUPDWLRQ LQ UHVSRQVH WR
K\GUR[\HFG\VRQH ( 6XFK WLVVXHV LQFOXGH
WKH LQWHUVHJPHQWDO PXVFOHV 6FKZDUW] /0 
- 1HXURELRO  ± DQG PRWRQHXURQV
6WUHLFKHUW /& HW DO  'HY %LRO  ±
RI 0DQGXFD VH[WD WKH VDOLYDU\ JODQGV RI
'URVRSKLOD PHODQRJDVWHU YRQ *DXGHFNHU % HW DO
 &HOO 7LVVXH 5HV  ± DQG WKH VLON
JODQGV RI %RPE\[ PRUL &KLQ]HL <  $SSO
(QW =RRO  ± 7KH % PRUL DQWHULRU VLON
JODQG $6* LV WKH QR]]OHOLNH RUJDQ WR VSLQ VLON
WKUHDG IURP OLTXLG VLON SURWHLQV SURGXFHG LQ WKH
PLGGOH DQG SRVWHULRU VLON JODQGV $IWHU FRPSOHWLRQ
RI VSLQQLQJ D FRFRRQ WKH HQWLUH JODQG GHJHQHUDWHV
WKURXJK 3&' LQ SUHSXSDO SHULRG ZKLFK LV LQGXFHG
E\ ( LQ YLYR DV ZHOO DV LQ YLWUR 6LQFH ( DFWV
WKURXJK ELQGLQJ WR D KHWHURGLPHULF HFG\VRQH
UHFHSWRU (F5863 ZKLFK VHUYHV DV D
WUDQVFULSWLRQ IDFWRU (LQGXFHG 3&' KDV EHHQ
FRQVLGHUHG WR EHJLQ ZLWK GH QRYR JHQH H[SUHVVLRQ
DOWKRXJK WKHUH ZDV QR H[SHULPHQWDO FRQILUPDWLRQ
7KLV EHOLHI ZDV FDOOHG LQWR TXHVWLRQ E\ WKH UHVXOWV
REWDLQHG XVLQJ ƠDPDQLWLQ D SRWHQW LQKLELWRU RI
51$ SRO\PHUDVH ,, ƠDPDQLWLQ SUHYHQWV
(LQGXFHG 3&' ZKHQ DGGHG WR WKH FXOWXUH RI
$6*V ZLWK ( IURP WKH EHJLQQLQJ RI WKH FXOWXUH
ZKLOH LWV DGGLWLRQ  K DIWHU WKH H[SRVXUH WR (
GRHV QRW GR VR LQGLFDWLQJ WKDW WKH JHQH
WUDQVFULSWLRQ QHHGHG IRU WKH 3&' LV DFFRPSOLVKHG
E\  K 1HYHUWKHOHVV ZLWKGUDZDO RI ( IURP WKH
FXOWXUH PHGLXP EHWZHHQ  DQG  K RI WKH FXOWXUH
LQWHUIHUHV WKH SURJUHVVLRQ RI 3&' VHTXHQFH
7HUDVKLPD - HW DO  'HY *HQHV (YRO 
± %DVHG RQ WKHVH SUHYLRXV UHVXOWV ZH
VXSSRVHG DQ LQYROYHPHQW RI QRQJHQRPLF DFWLRQ RI
( XQWLO  K LQ DGGLWLRQ WR LWV JHQRPLF DFWLRQ E\
 K (LQGXFHG 3&' SURFHHGV VHTXHQWLDOO\
WKURXJK FHOO VKULQNDJH QXFOHDU FRQGHQVDWLRQ
'1$ IUDJPHQWDWLRQ QXFOHDU IUDJPHQWDWLRQ WR
DSRSWRWLF ERG\ IRUPDWLRQ $ SURWHLQ V\QWKHVLV
LQKLELWRU F\FORKH[LPLGH &+;  P0 LQGXFHG D
FHOO GHDWK WKDW H[KLELWHG RQO\ QXFOHDU DQG '1$
IUDJPHQWDWLRQ %XW WKH FHOO PRUSKRORJ\ ZDV
GLIIHUHQW IURP (LQGXFHG 3&' $ FRQFHQWUDWLRQ
RI  P0 &+; ZDV LQHIIHFWLYH DW LQGXFLQJ WKH
FHOO GHDWK ZKHQ DGGHG DORQH EXW LQ WKH SUHVHQFH
RI ( D FHOO GHDWK VLPLODU WR WKDW LQGXFHG E\ 
P0 &+; ZDV UHVXOWHG ZLWK DFFRPSDQ\LQJ
QXFOHDU FRQGHQVDWLRQ 6LQFH  P0 DQG  P0
&+; LQKLELWHG SURWHLQ V\QWKHVLV HTXDOO\ WKH '1$
DQG QXFOHDU IUDJPHQWDWLRQ DSSHDU WR EH PHGLDWHG
E\ D QRQJHQRPLF DFWLRQ RI ( &DOFLXP
LRQRSKRUH ZDV FDSDEOH RI SDUWO\ PLPLFNLQJ WKH
( DFWLRQ ZKHQ VXEVWLWXWHG IRU ( DIWHU
SUHFXOWXUH ZLWK ( IRU  K )XUWKHUPRUH
LQKLELWRUV RI 3.& DQG FDVSDVH LQKLELWHG (
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DQG &+; LQGXFHG FHOO GHDWK 7KHVH UHVXOWV
VXJJHVW D SRVVLEOH LQYROYHPHQW RI
&D3.&FDVSDVH OLNH SURWHDVH SDWKZD\ LQ WKH
QRQJHQRPLF DFWLRQ RI ( +HUH ZH VKRZ WKDW
(LQGXFHG 3&' LV DFFRPSOLVKHG WKURXJK WKH
LQWHJUDWLRQRIJHQRPLFDQGQRQJHQRPLFDFWLRQV





,JD 0 6HNLPRWR 0 (OPRJ\ 0 ,ZDPL 0 6DNXUDL
6
'LYLVLRQ RI /LIH 6FLHQFHV *UDGXDWH 6FKRRO RI




7KH %RPE\[ PRUL DQWHULRU VLON JODQG $6* EHJLQ
WR GHJHQHUDWH WKURXJK SURJUDPPHG FHOO GHDWK
3&' LQ SUHSXSDO SHULRG LQ UHVSRQVH WR (
6LQFH ( DFWV WKURXJK ELQGLQJ WR D
KHWHURGLPHULF HFG\VRQH UHFHSWRU (F5863 GH
QRYR JHQH H[SUHVVLRQ KDV EHHQ FRQVLGHUHG WR EH
WKH QHFHVVDU\ DQG VXIILFLHQW FRQGLWLRQ IRU
LQGXFLQJ 3&' 7KLV EHOLHI ZDV FDOOHG LQWR TXHVWLRQ
E\ WKH UHVXOWV REWDLQHG XVLQJ ƠDPDQLWLQ D 51$
SRO\PHUDVH ,, LQKLELWRU $ GLIIHUHQWLDO DGGLWLRQ RI
ƠDPDQLWLQ WR WKH FXOWXUH RI $6*V ZLWK (
VKRZHG WKDW ƠDPDQLWLQ SUHYHQWHG WKH 3&'
SURJUHVVLRQ ZKHQ DGGHG EHIRUH  K RI WKH FXOWXUH
ZLWK ( EXW QRW ZKHQ DGGHG DW DQG DIWHU  K
LQGLFDWLQJ WKDW WKH JHQH WUDQVFULSWLRQ QHHGHG IRU
WKH 3&' ZDV DFFRPSOLVKHG E\  K 1HYHUWKHOHVV
( ZDV UHTXLUHG IRU  K IRU 3&' FRPSOHWLRQ
7HUDVKLPD - HW DO  'HY *HQHV (YRO 
± %DVHG RQ WKHVH SUHYLRXV UHVXOWV ZH
VXSSRVHG DQ LQYROYHPHQW RI QRQJHQRPLF DFWLRQ RI
( XQWLO  K LQ DGGLWLRQ WR LWV JHQRPLF DFWLRQ E\
 K ,Q WKH QRQJHQRPLF DFWLRQ RI VWHURLG VXFK DV
HVWURJHQ WKHUH DUH DW OHDVW WZR SDWKZD\V RQH
WKURXJK PHPEUDQH UHFHSWRU DQG WKH RWKHU
WKURXJK D QXFOHDU UHFHSWRU ORFDWLQJ EHQHDWK RU
DWWDFKHG WR SODVPD PHPEUDQH :H VKRZHG WKH
SUHVHQFH RI PHPEUDQHERXQG HFG\VRQH UHFHSWRU
(OPRJ\ 0 HW DO  (XURSHDQ -RXUQDO RI
%LRFKHPLVWU\  ± DQG SUREDEO\ WKLV
UHFHSWRU PLJKW EH LQYROYHG LQ ( VLJQDOOLQJ
(OPRJ\ HW DO DOWKRXJK LWV IXQFWLRQ LQ WKH
3&' LV XQFOHDU 3KDUPDFRORJLFDO VWXGLHV VKRZHG
WKDW D SRVVLEOH LQYROYHPHQW RI
&D3.&FDVSDVH OLNH SURWHDVH SDWKZD\ LQ WKH
(LQGXFHG FHOO GHDWK 7KHVH UHVXOWV LQGLFDWH WKH
VLQJOH FHOOXODU UHVSRQVH WR ( 3&' LV
DFFRPSOLVKHG WKURXJK WKH FURVV WDON RI JHQRPLF
DQG QRQJHQRPLF DFWLRQV RI ( ([SHULPHQWDO
HYLGHQFH DOVR LQGLFDWHG WKH SUHVHQFH RI D VLPLODU
QRQJHQRPLF DFWLRQ RI ( LQ WKH (GHSHQGHQW
FHOO F\FOH LQ WKH ZLQJ GLVF FHOOV DIWHU SXSDO
FRPPLWPHQW LQ HDUO\ WK LQVWDU $FFRUGLQJO\ WKH
QRQJHQRPLF DFWLRQ RI ( PD\ EH ZLGHO\
DVVRFLDWHG ZLWK WKH ( DFWLRQ LQ YDULRXV




WRRO WR FRQWURO HFG\VWHURLG
VLJQDOLQJ DQG LQVHFW
GHYHORSPHQW
.DPLPXUD 0 6DLWR + .DQDPRUL < 6KLPXUD 6
.LXFKL0




$Q HQWRPRJHQRXV IXQJXV 1RPXUDHD ULOH\L
VHFUHWHV D VSHFLILF HQ]\PH
HFG\VWHURLGR[LGDVH (2 WKDW R[LGL]HV WKH
K\GUR[\O JURXS DW SRVLWLRQ & RI HFG\VWHURLGV
DQG SUHYHQWV PROWLQJ RI KRVW LQVHFWV .LXFKL 0 HW
DO  $UFK ,QVHFW %LRFKHP 3K\VLRO 
± :H FKDUDFWHUL]HG (2 (2 SURWHLQ
ZDV SXULILHG IURP FXOWXUH PHGLXP RI 1 ULOH\L
XVLQJ WKUHH FKURPDWRJUDSKLF VWHSV E\ +3/&
3XULILHG (2 KDG D PROHFXODU ZHLJKW RI
DSSUR[LPDWHO\  N'D E\ JHOILOWUDWLRQ DQG
6'63$*( DQDO\VHV VXJJHVWLQJ WKDW (2 LV D
PRQRPHULF SURWHLQ 7KH .P YDOXHV IRU HFG\VRQH
DQG K\GUR[\HFG\VRQH ( ZHUH HTXDOO\
DERXW  ƫ0 EXW WKH 9PD[ YDOXH IRU HFG\VRQH ZDV
 SPROPLQ ZKLFK ZDV WKUHH WLPHV JUHDWHU
WKDQ WKDW IRU (  SPROPLQ (2 WKHUHE\
FDWDO\VHV HFG\VRQH IDVWHU WKDW ( (2 F'1$
ZDV WKHQ FORQHG E\ 573&5 DQG 5$&( WHFKQLTXHV
XVLQJ SULPHUV GHVLJQHG EDVHG RQ LWV SDUWLDO DPLQR
DFLG VHTXHQFHV 7KH F'1$ HQFRGHG D VHFUHWHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH SURWHLQ DQG EODVW VHDUFK VKRZHG WKDW LW LV D QRYHO
)$'GHSHQGHQW R[LGRUHGXFWDVH 5HFRPELQDQW
(2 SURWHLQ H[SUHVVHG E\ EDFXORYLUXV FRQYHUWHG
HFG\VRQH LQWR GHK\GURHFG\VRQH LQGLFDWLQJ
WKDW WKLV F'1$ WUXO\ HQFRGHG (2 :KHQ (2
ZDV H[SUHVVHG LQ %RPE\[ FHOO OLQHV WKH\ ORVW
UHVSRQVLYHQHVV WR ( PRQLWRUHG E\ D UHSRUWHU
JHQH DVVD\ XVLQJ D ( UHVSRQVLYH UHSRUWHU
SODVPLG ,QMHFWLRQ RI UHFRPELQDQW (2 SURWHLQ
LQWR WKH SHQXOWLPDWH LQVWDU ODUYDH RI WKH VLONZRUP
GLVUXSWHG PROWLQJ LQWR WKH ODVW LQVWDU 7KXV (2
FRXOG EH XVHG IRU FRQWURO RI HFG\VWHURLG VLJQDOOLQJ
DQG LQVHFW GHYHORSPHQW :H DUH QRZ PDNLQJ
WUDQVJHQLF LQVHFWV H[SUHVVLQJ (2 7KLV ZRUN
ZDVVXSSRUWHGE\352%5$,1-DSDQ
,QVLJKW LQWR WKH HFG\VRQH
VLJQDOLQJ SDWKZD\ LQ WKH
DSWHU\JRWH VLOYHUILVK DQG LQ
WZRSULPLWLYHHQGRSWHU\JRWHV
.RQRSRYD% DQG-LQGUD0
'HSDUWPHQW RI 0ROHFXODU %LRORJ\ 8QLYHUVLW\ RI
6RXWK%RKHPLD




2XU NQRZOHGJH RQ IXQFWLRQ RI JHQHV LQYROYHG LQ
LQVHFW HFG\VRQH VLJQDOLQJ LV PRVWO\ EDVHG RQ
VWXGLHV GRQH LQ WKH IO\ 'URVRSKLOD DQG LQ
OHSLGRSWHUDQV ERWK HQGRSWHU\JRWH JURXSV WKDW DUH
SRVLWLRQHG YHU\ FORVH LQ WKH HYROXWLRQDU\ WUHH 7R
XQGHUVWDQG ZKLFK FRPSRQHQWV RI WKH HFG\VRQH
VLJQDOLQJ SDWKZD\ KDYH EHHQ IXQFWLRQDOO\
FRQVHUYHG DQG ZKLFK KDYH FKDQJHG UROHV GXULQJ
LQVHFW HYROXWLRQ HJ WRJHWKHU ZLWK WKH HPHUJHQFH
RI PHWDPRUSKRVLV LW LV QHFHVVDU\ WR VWXG\ VSHFLHV
ZLWK PRUH GLYHUVH W\SHV RI GHYHORSPHQW :H
FKRVH WKH SULPLWLYH DSWHU\JRWH VLOYHUILVK
7KHUPRELD GRPHVWLFD =\JHQWRPD DQ LQVHFW
ZLWK DPHWDERORXV DPHWDPRUSKLF GHYHORSPHQW
DQG WZR HQGRSWHU\JRWHV WKH ODFHZLQJ &KU\VRSD
SHUOD 1HXURSWHUD ZKLFK EHORQJV WR RQH RI WKH
PRVW SULPLWLYH RUGHUV GLVSOD\LQJ KRORPHWDERO\
DQG WKH UHG IORXU EHHWOH 7ULEROLXP FDVWDQHXP
&ROHRSWHUD 'HVSLWH GHYHORSPHQWDO GLIIHUHQFHV
ZHOOFRQVHUYHG FRPSRQHQWV RI WKH HFG\VRQH
VLJQDOLQJ SDWKZD\ FDQ EH IRXQG LQ WKHVH LQVHFWV
:H LVRODWHG SDUWLDO F'1$ FORQHV ± ES LQ
OHQJWK IRU WKH HFG\VRQH UHFHSWRU (F5
XOWUDVSLUDFOH XVS ( DQG EURDGFRPSOH[
%5& JHQHV IURP &KU\VRSD DQG (F5 XVS (
%5& IW]I DQG WKH KRUPRQH UHFHSWRU JHQHV +5
DQG +5 IURP 7KHUPRELD 7ULEROLXP (F5 DQG
XVS FORQHV ZHUH REWDLQHG IURP )UDQFRLV
%RQQHWRQ %5& DQG +5 F'1$V ZHUH FORQHG
EDVHG RQ WKH VHTXHQFHG JHQRPH :H ZLOO SUHVHQW
GDWD RQ P51$ H[SUHVVLRQ DV ZHOO DV UHVXOWV RI
WHVWLQJ HDFK VSHFLHV¶ VXVFHSWLELOLW\ WR 51$L NQRFN
GRZQ IRU VHOHFWHG JHQHV )RU LQVWDQFH LQMHFWLRQ RI
HDUO\ &KU\VRSD ODUYDH ZLWK GRXEOHVWUDQGHG 51$
GV51$ DJDLQVW HLWKHU RI WKH FRPSRQHQWV RI WKH
HFG\VRQH UHFHSWRU FRPSOH[ (F5 RU 8VS FDXVHG
GHYHORSPHQWDO DUUHVW DQG GHDWK RI ODUYDH ,Q
FRQWUDVW 51$L WDUJHWLQJ RI %5& ZKLFK LV
QHFHVVDU\ IRU SXSDO GHYHORSPHQW LQ ERWK
'URVRSKLOD 'LSWHUD DQG WKH VLONZRUP %RPE\[
PRUL /HSLGRSWHUD FDXVHG QR DQRPDOLHV XQWLO WKH
RQVHW RI PHWDPRUSKRVLV ZKHQ WKH DQLPDOV ZHUH
XQDEOH WR PROW LQWR WKH SXSDO VWDJH DQG LQ PRUH
VHYHUH FDVHV DOVR IDLOHG WR VSLQ WKH FRFRRQ
3UHOLPLQDU\ UHVXOWV VKRZHG WKDW ODUYDO PROWLQJ
FRXOG DOVR EH GLVUXSWHG E\ LQMHFWLRQ RI (F5 XVS RU
( GV51$ LQWR VHFRQG WR IRXUWK LQVWDU
7KHUPRELD ODUYDH ZKLOH %5& 51$L DOORZHG
GHYHORSPHQW RI DGXOWV 7KHVH GDWD VXJJHVW WKDW
%5& LV FDXVDOO\ OLQNHG ZLWK PHWDPRUSKRVLV DV
HDUO\ DV LQ WKH PRVW SULPLWLYH KRORPHWDERODQV EXW
WKDW LW PD\ SOD\ DQRWKHU UROH LQ DPHWDPRUSKLF
LQVHFWV 6XSSRUWHG E\ JUDQW $ IURP WKH
&]HFK$FDGHP\RI6FLHQFHV
( LQKLELWV OLSLG SHUR[LGDWLRQ
DQG PDLQWDLQV PHPEUDQH




,QVWLWXWH RI (QWRPRORJ\ &]HFK $FDGHP\ RI
6FLHQFHV DQG )DFXOW\ RI %LRORJLFDO 6FLHQFHV




$OO OLYLQJ RUJDQLVPV KDUERXU GHIHQFH PHFKDQLVPV
DJDLQVW WKH FKDOOHQJH RI R[LGDWLYH UDGLFDOV ,Q
DGGLWLRQ WR VSHFLILF HQ]\PHV DQWLR[LGDQW
FRPSRXQGV RI GLYHUVH SULPDU\ IXQFWLRQV DUH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH HPSOR\HG ,W KDV EHHQ UHSRUWHG WKDW WKH HVWURJHQV
RI YHUWHEUDWHV DQG WKH HFG\VWHURLGV RI LQVHFWV DOVR
VFDYHQJH UHDFWLYH R[\JHQ VSHFLHV EXW D UROH RI
WKHVH KRUPRQHV LQ WKH SUHYHQWLRQ RI WLVVXH
GDPDJH FDXVHG E\ WKH UDGLFDOV KDV QRW EHHQ
GRFXPHQWHG :H FKRVH WR H[DPLQH HIIHFW RI
K\GUR[\HFG\VRQH ( RQ WKH EUDLQ RI DGXOW
EXJV 3\UUKRFRULV DSWHUXV WKDW ZHUH LQMHFWHG ZLWK
WKH KHUELFLGH ᓉGLPHWK\OᓉE\S\ULGLOLXP
3DUDTXDW 3DUDTXDW XQGHUJRHV F\FOLF UHGR[
UHDFWLRQV LQ WKH PLFURVRPHV DQG PLWRFKRQGULD
DVVRFLDWHG ZLWK JHQHUDWLRQ RI WKH VXSHUR[LGH
VLQJOHW R[\JHQ K\GUR[\O UDGLFDOV K\GURJHQ
SHUR[LGH OLSLG SHUR[LGHV DQG GLVXOILGHV 2[LGDWLYH
LQVXOW FDXVHG LQ WKH EXJV E\ WKH LQMHFWLRQ RI 
SPRO RI SDUDTXDW ZDV PDQLIHVWHG E\ D VLJQLILFDQW
HOHYDWLRQ RI SURWHLQ FDUERQ\OV DQG RI D OLSLG
SHUR[LGDWLRQ SURGXFW WKH ƫƠƪƮƬƣƨƠƪƣȝƦƶƣȝL Q
EUDLQ PLFURVRPDO IUDFWLRQ $ FRQVHTXHQFH RI OLSLG
SHUR[LGDWLRQ ZDV D FKDQJH LQ WKH SURSHUWLHV RI
PLFURVRPDO PHPEUDQHV 3RODULVDWLRQ DQLVRWURS\
RI WKH PHPEUDQHV H[DPLQHG ZLWK WKH IOXRUHVFHQW
K\GURFDUERQ SUREH GLSKHQ\OKH[DWULHQH
UHYHDOHG D VLJQLILFDQW GHFOLQH LQ WKH IOXLGLW\ RI
PHPEUDQHV IURP WKH EUDLQV RI EXJV VXEMHFWHG WR
R[LGDWLYH VWUHVV $QRWKHU PDQLIHVWDWLRQ RI WKH
R[LGDWLYH VWUHVV FDXVHG E\ WKH SDUDTXDW ZDV D
GHSOHWLRQ RI WKH SRRO RI JOXWDWKLRQH WKDW LV DQ
LPSRUWDQW FRPSRQHQW RI WKH DQWLR[LGDQW V\VWHP
7KH DFWLYLW\ RI ƢJOXWDP\O WUDQVSHSWLGDVH D NH\
HQ]\PH LQ JOXWDWKLRQH PHWDEROLVP ZDV VKDUSO\
UHGXFHG $OO WKHVH HIIHFWV LQGLFDWLYH RI R[LGDWLYH
GDPDJH ZHUH FRXQWHUDFWHG E\ WKH LQMHFWLRQ RI (
 SPRO 7KH KRUPRQH KDG D SURIRXQG LQKLELWRU\
HIIHFW RQ OLSLG SHUR[LGDWLRQ DQG DPHOLRUDWHG
FKDQJHV LQ WKH ELRSK\VLFDO PHPEUDQH SURSHUWLHV
7KH IRUPDWLRQ RI SURWHLQ FDUERQ\OV ZDV
VXSSUHVVHG WKH DFWLYLW\ RI ƢJOXWDP\O
WUDQVSHSWLGDVH XSUHJXODWHG DQG WKH OHYHO RI
UHGXFHG JOXWDWKLRQH HQKDQFHG $OO WKHVH HIIHFWV
ZHUH H[DPLQHG LQ WKH EUDLQ WKDW ZDV FKRVHQ
EHFDXVH LW GRHV QRW XQGHUJR FKDQJHV LQ VL]H
GXULQJ WKH UHSURGXFWLYH F\FOH DQG LQ UHVSRQVH WR
DJHLQJ ,Q VXEVHTXHQW H[SHULPHQWV ZH
GHPRQVWUDWHG D V\VWHPLF SURWHFWLYH HIIHFW RI (
DJDLQVW WKH R[LGDWLYH VWUHVV :H IRXQG WKDW
SDUDTXDW LQMHFWLRQ FDXVHG D VOLJKW FKDQJH LQ WKH
SURILOH RI KHPRO\PSK SURWHLQV WKDW UHIOHFW D VXP
RI PHWDEROLF DFWLYLWLHV RI WKH JXW IDW ERG\ JRQDGV
DQG WR OHVVHU H[WHQW RI RWKHU RUJDQV 1R FKDQJH LQ
WKH SURWHLQ SURILOH RFFXUUHG LQ WKH LQVHFW LQMHFWHG
ZLWK ERWK SDUDTXDW DQG ( 7KH UROH RI ( DV D
SURWHFWLYH DJHQW LV WKHUHIRUH QRW UHVWULFWHG WR WKH
EUDLQ 7KH DQWLR[LGDQW IXQFWLRQ LV DQ LPSRUWDQW
DGGLWLRQ WR WKH NQRZQ UROHV RI HFG\VWHURLGV EXW
WKH PRGH RI WKLV SDUWLFXODU ( DFWLRQ LV
XQNQRZQ 7KH ZRUN ZDV VXSSRUWHG E\ JUDQW





.XPSXQ 6 *LUDXOW -3 %ODLV & 0DULD $
'DXSKLQ9LOOHPDQW & <LQJ\RQJQDURQJNXO %(
6XNVDPUDUQ$/DIRQW5
8QLYHUVLWp 3LHUUH HW 0DULH &XULH /DERUDWRLUH
3URWpLQHV %LRFKLPLH 6WUXFWXUDOH HW )RQFWLRQQHOOH
&156 )5(   4XDL 6W %HUQDUG  3DULV
)UDQFH
'HSDUWPHQW RI &KHPLVWU\ )DFXOW\ RI 6FLHQFH
5DPNKDPKDHQJ 8QLYHUVLW\ %DQJNRN 
7KDLODQG
8QLYHUVLWp 3DULV 9  5HQp 'HVFDUWHV /DERUDWRLUH
GH &KLPLH HW %LRFKLPLH 3KDUPDFRORJLTXHV HW




(FG\VWHURLGV GLVSOD\ D ORW RI SKDUPDFRORJLFDO
HIIHFWV RQ PDPPDOV DQG KXPDQV PRVW RI ZKLFK
DSSHDU EHQHILFLDO /DIRQW 5 'LQDQ /  -
,QVHFW 6FL  KWWSZZZLQVHFWVFLHQFHRUJ
KWWSKWWSZZZLQVHFWVFLHQFHRUJ  .OHLQ 5
 - $P +HUEDOLVWV *XLOG IDOOZLQWHU 
± %iWKRUL 0 3RQJUiF] =  &XUUHQW
0HG &KHP  ± EXW WKHLU PHFKDQLVP RI
DFWLRQ LV IDU IURP XQGHUVWRRG :KHWKHU WKH\ DFW
GLUHFWO\ DQGRU WKURXJK WKH IRUPDWLRQ RI
PHWDEROLWHV LV VWLOO DQ RSHQ TXHVWLRQ ,Q RUGHU WR
LQYHVWLJDWH WKH PHWDEROLF IDWH RI HFG\VWHURLGV LQ
PLFH >ƠƠ+@K\GUR[\HFG\VRQH ZDV
SUHSDUHG DQG HLWKHU JLYHQ RUDOO\ RU LQMHFWHG
LQWUDSHULWRQHDOO\ WR PLFH 7KHLU XULQHIHFHV ZHUH
FROOHFWHG DQG WKH GLIIHUHQW WULWLDWHG PHWDEROLWHV
ZHUH LVRODWHG DQG LGHQWLILHG 7KH SDWWHUQ RI
PHWDEROLWHV LV YHU\ FRPSOH[ EXW GRHV QRW FRQWDLQ
FRQMXJDWHV DV LV XVXDO IRU WKH OHVV SRODU YHUWHEUDWH
VWHURLG KRUPRQHV 3ULPDU\ UHDFWLRQV LQYROYH
GHK\GUR[\ODWLRQ DW & DQG VLGHFKDLQ FOHDYDJH
EHWZHHQ &±& WKXV JLYLQJ
GHR[\K\GUR[\HFG\VRQH SRVWVWHURQH DQG
GHR[\SRVWVWHURQH 7KHVH PHWDEROLWHV WKHQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH XQGHUJR VHYHUDO UHGXFWLRQ UHDFWLRQV LQYROYLQJ LQ
SDUWLFXODU WKH NHWRJURXS 7KH VWUXFWXUH RI WKH
GLIIHUHQW PHWDEROLWHV IRUPHG ZLOO EH GLVFXVVHG LQ




DQFLHQW $QGLQH FURS RI KLJK
QXWULWLRQDOYDOXH
.XPSXQ 6 0DULD $ (YUDUG7RGHVFKL 1
*LUDXOW-3/DIRQW5
8QLYHUVLWp 3LHUUH HW 0DULH &XULH /DERUDWRLUH
3URWpLQHV %LRFKLPLH 6WUXFWXUDOH HW )RQFWLRQQHOOH
&156 )5(   4XDL 6W %HUQDUG  3DULV
)UDQFH
'HSDUWPHQW RI &KHPLVWU\ )DFXOW\ RI 6FLHQFH
5DPNKDPKDHQJ 8QLYHUVLW\ %DQJNRN 
7KDLODQG
8QLYHUVLWp 3DULV 9 5HQp 'HVFDUWHV /DERUDWRLUH
GH &KLPLH HW %LRFKLPLH 3KDUPDFRORJLTXHV HW




&KHQRSRGLXP TXLQRD   TXLQRD LV D SODQW
FXOWLYDWHG E\ ,QFD SHRSOH IURP DQFLHQW WLPHV 7KH
VHHGV RI TXLQRD KDYH D KLJK SURWHLQ FRQWHQW ZLWK
ODUJH DPRXQWV RI HVVHQWLDO DPLQRDFLGV WKH\ DUH
GHYRLG RI JOXWHQ DQG WKHLU XVH LV UDSLGO\
LQFUHDVLQJ 7KH VHHGV FDQ EH HDWHQ DIWHU ERLOLQJ LQ
ZDWHU LQVWHDG RI HJ ULFH DQG WKH IORXU LV XVHG WR
SUHSDUH QRRGOHV PXHVOL 7KH QXPEHU RI SURGXFWV
FRQWDLQLQJTXLQRDLVLQIDFWUDWKHULPSUHVVLYH
4XLQRD EHORQJV WR &KHQRSRGLDFHDH D IDPLO\
FRPSULVLQJ PDQ\ HFG\VWHURLGFRQWDLQLQJ VSHFLHV
'LQDQ / HW DO  %LRFKHP 6\VW (FRO 
± DPRQJ WKHP VSLQDFK 4XLQRD
VHHGVIORXU FRQWDLQ LQGHHG HFG\VWHURLGV DPRQJ
ZKLFK K\GUR[\HFG\VRQH PDNLVWHURQH $
HSLPDNLVWHURQH $
GHK\GURPDNLVWHURQH $ DQG
GLK\GUR[\HFG\VRQH =KX 1 HW DO  -
$JULF )RRG &KHP  ± DQG DOVR D QHZ
HFG\VWHURLG NDQFROORVWHURQH 'LQL , HW DO 
)RRG &KHPLVWU\  ± :H KDYH
SHUIRUPHG D GHWDLOHG DQDO\VLV RI TXLQRD VHHGV DQG
IORXU IURP YDULRXV VRXUFHV DQG LVRODWHG D ORW RI
PLQRU HFG\VWHURLGV WRJHWKHU ZLWK ODUJH DPRXQWV
RI K\GUR[\HFG\VRQH WKH ODWWHU EHLQJ SUHVHQW LQ
WKH UDQJH RI  ƫJJ VHHGV (FG\VWHURLGV UHPDLQ
ZLWKLQ VHHGV DIWHU ERLOLQJ LQ ZDWHU WKXV HDWLQJ D
SRUWLRQ  J RI TXLQRD SURYLGHV VLJQLILFDQW
DPRXQWV RI HFG\VWHURLGV >FD  PJ RI
K\GUR[\HFG\VRQH LH DQ DPRXQW LGHQWLFDO WR
WKDW RI  ³(NG\VWHQ´ SLOOV /DIRQW 5 'LQDQ /
 - ,QVHFW 6FL 
KWWSZZZLQVHFWVFLHQFHRUJ
KWWSKWWSZZZLQVHFWVFLHQFHRUJ @










(FG\VWHURLGV H[HUW WKHLU HIIHFWV E\ ELQGLQJ WR D
VSHFLILF QXFOHDU UHFHSWRU FRPSOH[ IRUPHG IURP
WKH HFG\VWHURLG UHFHSWRU (F5 DQG WKH
XOWUDVSLUDFOH 863 SURWHLQV (FG\VWHURLGV DUH
JRRG FDQGLGDWHV IRU WKH UHJXODWLRQ RI WUDQVIHFWHG
WDUJHW JHQHV LQ PDPPDOLDQ V\VWHPV JHQHVZLWFK
V\VWHPV ZLWK SRWHQWLDO DSSOLFDWLRQV LQ JHQH
WKHUDS\ )RU VXFK DSSOLFDWLRQ QRQWR[LFLW\ RI DOO
JHQHVZLWFK FRPSRQHQWV LV DQ HVVHQWLDO
UHTXLUHPHQW 3UHOLPLQDU\ WR[LFLW\ VWXGLHV KDYH
LQGLFDWHG WKDW HFG\VWHURLGV DUH FRPSRXQGV RI YHU\
ORZ WR[LFLW\ LQ PDPPDOLDQ V\VWHPV DQG WKDW WKH
VHDUFK IRU KLJKO\ SRWHQW HFG\VWHURLGV ZRXOG
FRQWULEXWH WR OLPLWLQJ DQ\ SRWHQWLDO WR[LF HIIHFWV
*DLQLQJ NQRZOHGJH RI ZKLFK DUH WKH NH\
OLJDQGUHFHSWRU ELQGLQJ LQWHUDFWLRQV LV FUXFLDO IRU
GHVLJQLQJ SRWHQW LQGXFHUV IRU JHQHVZLWFK
WHFKQRORJ\ ,Q WKLV ZRUN WKH ELQGLQJ UROHV RI WKH
YDULRXV HFG\VWHURLG K\GUR[\O JURXSV KDYH EHHQ
LQYHVWLJDWHG E\ V\QWKHVLV RI D YDULHW\ RI
K\GUR[\HFG\VRQH ( DQG SRQDVWHURQH $
3R$ PHWK\O HWKHU DQDORJXHV DQG DVVHVVPHQW RI
WKHLU ELRORJLFDO DFWLYLWLHV XVLQJ WKH 'URVRSKLOD
PHODQRJDVWHU %,, ELRDVVD\ &OpPHQW &< HW DO
 ,QVHFW %LRFKHPLVWU\ DQG 0ROHFXODU %LRORJ\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH  ± 6LQFH PHWK\O HWKHU GHULYDWLYHV DUH
DEOH WR WDNH SDUW LQ +ERQG LQWHUDFWLRQV RQO\ DV
+ERQG DFFHSWRUV EXW QRW DV +ERQG GRQRUV WKH
UHVXOWLQJ FKDQJHV LQ ELRORJLFDO DFWLYLW\ ZHUH XVHG
WR LQGLFDWH WKH +ERQG GRQRU+ERQG DFFHSWRU
UROH RI HDFK SDUWLFXODU K\GUR[\O JURXS GHULYDWLVHG
,W ZDV IRXQG WKDW PHWK\ODWLRQ DW    RU
2+ GHFUHDVHG DFWLYLW\ WR YDULRXV H[WHQWV ZLWK
UHVSHFW WR WKH SDUHQW FRPSRXQG ZKLOH (
PHWK\O HWKHU UHWDLQHG DFWLYLW\ 7KH HFG\VWHURLG
PHWK\O HWKHUV ZHUH XVHG WR JHQHUDWH DQ LPSURYHG
TXDQWLWDWLYH VWUXFWXUHDFWLYLW\ UHODWLRQVKLS
46$5 XVLQJ &RPSDUDWLYH 0ROHFXODU )LHOG
$QDO\VLV &R0)$ DQG &RPSDUDWLYH 0ROHFXODU
6LPLODULW\ ,QGLFHV $QDO\VLV &R06,$ ZKLFK
EHQHILWV IURP WKH DYDLODELOLW\ RI DQ HFG\VWHURLG
GDWDVHW LQFOXGLQJ  FRPSRXQGV REWDLQHG E\
KRPRJHQHRXV DFWLYLW\ DVVHVVPHQW E\ WKH '
PHODQRJDVWHU %,, ELRDVVD\ DQG PRGHOOHG
FRQIRUPDWLRQV GHULYHG IURP WKH +HOLRWKLV
YLUHVFHQV (F5ERXQG 3R$ FU\VWDO VWUXFWXUH %LOODV
,0/ HW DO  1DWXUH  ± $ PRGHO
EDVHG RQ &R0)$ VWHULF DQG &R06,$ +ERQG
DFFHSWRU ILHOGV FRXOG EH JHQHUDWHG ZLWK KLJK
SUHGLFWLYH SRZHU WHVWHG RQ DQ LQGHSHQGHQW WHVW VHW
RI  FRPSRXQGV WUDLQLQJ VHW T  WHVW VHW
U  7KH JHQHUDWHG 46$5 PRGHO LV EDVHG
RQ WKH PRVW H[WHQVLYH HFG\VWHURLG GDWDVHW VR IDU
FROOHFWHG DQG LWV UHVXOWV ZLOO EH GLVFXVVHG LQ WKH
OLJKW RI WKH H[SHULPHQWDO DFWLYLW\ PHDVXUHV
DYDLODEOH DQG K\SRWKHVHV RI ELQGLQJ UROHV RI WKH
HFG\VWHURLGK\GUR[\OJURXSVZLOOEHSURSRVHG
)XQFWLRQDO FKDUDFWHUL]DWLRQ
DQG ELRLQIRUPDWLFV DQDO\VLV RI




'$&7% )&)53 8QLYHUVLW\ RI 6mR 3DXOR
5LEHLUmR3UHWR63%UD]LO




'1$ SXIIV DUH IRUPHG LQ VFLDULG VDOLYDU\ JODQG
SRO\WHQH FKURPRVRPHV ODWH LQ WKH IRXUWK ODUYDO
LQVWDU EHIRUH WKH SXSDO PROW '1$ SXII JHQHV DUH
DPSOLILHG DQG WUDQVFULEHG LQ WKH VDOLYDU\ JODQG LQ
D GHYHORSPHQWDOO\ UHJXODWHG PDQQHU GXULQJ WKH
IRXUWK ODUYDO LQVWDU DV D ODWH UHVSRQVH WR WKH
KRUPRQH HFG\VRQH :H DUH FXUUHQWO\
FKDUDFWHUL]LQJ WKH PHFKDQLVPV ZKLFK FRQWURO WKH
H[SUHVVLRQ RI WKH %K& JHQH IURP '1$ SXII &
RI WKH VFLDULG %UDG\VLD K\JLGD $W SUHVHQW LW LV QRW
SRVVLEOH WR WUDQVIRUP VFLDULGV DQG IXQFWLRQDO
VWXGLHV RI VFLDULG JHQHV DUH SHUIRUPHG LQ
'URVRSKLOD 7KH PHFKDQLVPV WKDW FRQWURO %K&
H[SUHVVLRQ LQ WKH SUHSXSDO VDOLYDU\ JODQGV DUH
FRQVHUYHG LQ 'URVRSKLOD 7KH DQDO\VLV LQ
WUDQVJHQHVLV UHYHDOHG WKDW WKH %K& JHQH LV DOVR
H[SUHVVHG LQ D GHYHORSPHQWDOO\ UHJXODWHG PDQQHU
LQ WKH ULQJ JODQG 7KH FLVUHJXODWRU\ HOHPHQWV
ZKLFK GULYH JHQH H[SUHVVLRQ LQ WKH VDOLYDU\ JODQG
DUH ORFDWHG LQ D  ES ïï IUDJPHQW DQG
DUH VHSDUDEOH IURP WKRVH FRQWUROOLQJ H[SUHVVLRQ LQ
WKH ULQJ JODQG ZKLFK DUH ORFDWHG LQ D  ES
ïï IUDJPHQW 7R H[WHQG WKH
FKDUDFWHUL]DWLRQ RI WKH ULQJ JODQG HQKDQFHU ILYH
FRQVWUXFWV 087 ± FRQWDLQLQJ HDFK D GLVWLQFW
 ES FOXVWHU RI PXWDWHG VHTXHQFHV LQ WKH  ES
IUDJPHQW ZHUH FORQHG XSVWUHDP WKH )ES
PLQLPDO SURPRWHU LQ WKH S&D6SHU$8*ơJDO
YHFWRU $W OHDVW ILYH LQGHSHQGHQW WUDQVJHQLF OLQHV
ZHUH REWDLQHG IRU HDFK FRQVWUXFW 3URPRWHU
DFWLYLW\ ZDV DVVD\HG HPSOR\LQJ D KLVWRFKHPLFDO
DVVD\ IRU ơJDODFWRVLGDVH LQ HPEU\RV ILUVW LQVWDU
ODUYDH / DQG WKLUG LQVWDU ODUYDH / ,Q
HPEU\RV DQG / WKH PXWDWLRQV 087  DQG 087
 DEROLVK JHQH H[SUHVVLRQ LQ WKH ULQJ JODQG
ZKHUHDV H[SUHVVLRQ LV GHWHFWHG LQ WKH ULQJ JODQG RI
WKH 087  087  RU 087  VHULHV DW WKHVH
GHYHORSPHQWDO WLPHV ,Q / WKH PXWDWLRQV 087
 087  DQG 087  DEROLVK UHSRUWHU JHQH
H[SUHVVLRQ LQ WKH ULQJ JODQG ZKHUHDV WKH
PXWDWLRQV 087  DQG 087  OHDG WR DQ DSSDUHQW
GHFUHDVH LQ WKH OHYHOV RI UHSRUWHU JHQH H[SUHVVLRQ
ZKHQ FRPSDUHG WR WKH ZLOG W\SH DFWLYDWRU 7KHVH
UHVXOWV LQGLFDWH WKDW WKH VHTXHQFHV PXWDWHG LQ
FRQVWUXFWV 087  DQG 087  DUH HVVHQWLDO IRU WKH
JHQH DFWLYDWLRQ LQ WKH ULQJ JODQG DQG WKDW WKH
VHTXHQFHV PXWDWHG LQ FRQVWUXFWV 087  DQG 087
 DSSDUHQWO\ SURPRWH FRUUHFW OHYHOV RI H[SUHVVLRQ
ZLWKRXW LQWHUIHULQJ ZLWK WKH GHYHORSPHQWDO
SDWWHUQ RI H[SUHVVLRQ RI WKH JHQH 7KH GHWHFWLRQ RI
H[SUHVVLRQ RQO\ LQ HPEU\RV DQG / LQ WKH 087 
VHULHV PD\ EH DWWULEXWHG WR WKH IDFW WKH ULQJ JODQG
FHOOV JURZ RQO\ E\ VL]H ZLWKRXW SUROLIHUDWLQJ
ZKLFK FRXOG UHVXOW LQ WKH GLOXWLRQ RI WKH UHSRUWHU
SURWHLQ LQ WKH ULQJ JODQG FHOOV RI / $
ELRLQIRUPDWLFV DSSURDFK ZDV XQGHUWDNHQ LQ RUGHU
WR VFUHHQ WKH ' PHODQRJDVWHU JHQRPH IRU
VHTXHQFHV VLPLODU WR WKH  ES ïï
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH HQKDQFHU 7KLV DQDO\VLV LGHQWLILHG LQ WKH '
PHODQRJDVWHU JHQRPH  VHTXHQFHV ± 
LGHQWLFDO WR VHTXHQFHV FRQWDLQHG LQ WKH ULQJ JODQG
HQKDQFHU ZKLFK DUH PDLQO\ ORFDWHG LQ '
PHODQRJDVWHU UHJXODWRU\ DQG LQWURQLF UHJLRQV ,W
LV SRVVLEOH WKDW VRPH RI WKHVH 'URVRSKLOD JHQHV
DUH XQGHU WKH VDPH UHJXODWRU\ QHWZRUN DV WKH
%K& JHQH DQG DUH DOVR H[SUHVVHG LQ WKH ULQJ
JODQG &RQVLVWHQW ZLWK WKH IXQFWLRQDO VWXGLHV WKH
PDMRULW\  RI WKH LGHQWLILHG ' PHODQRJDVWHU
VHTXHQFHV DOLJQ WR D  ES ïï UHJLRQ
ZKLFK FRPSULVHV WKH UHJLRQV PXWDWHG LQ
FRQVWUXFWV 087 ïï 087
ïï DQG 087 ïï LQGLFDWLQJ
WKDW WKH GLVWULEXWLRQ RI WKH DOLJQPHQWV WKURXJKRXW
WKH ULQJ JODQG HQKDQFHU LV QRW UDQGRP )LQDQFLDO
VXSSRUW)$3(63DQG353863
5ROH RI KRVW SUHVHQFH LQGXFHG
HFG\VRQH LQ RRJHQHVLV RI D
V\QRYLJHQLFSDUDVLWRLGZDVS
0DQGRQ 1 9DQQLHU ) %RGLQ $ 'HOEHFTXH -3
-DORX[%0RQJH-30RQG\1

8QLYHUVLWp )UDQoRLV5DEHODLV ,5%, 805 &156
3DUF*UDQGPRQW7RXUV)UDQFH
8QLYHUVLWp GH %RUGHDX[  /15 805 &156
$YHQXHGHV)DFXOWpV7DOHQFH)UDQFH

&XUUHQW DGGUHVV 805 &156  (FRORJLH GHV
K\GURV\VWqPHV IOXYLDX[ 8QLYHUVLWp &ODXGH





,QVHFWV KDYH HYROYHG D GLYHUVLW\ RI UHSURGXFWLYH
VWUDWHJLHV LQ UHVSRQVH WR WKHLU HQYLURQPHQW
3DUDVLWRLGV OD\ WKHLU HJJV LQ RU RQ WKH ERGLHV RI
WKHLU KRVWV DQG IHHG RII WKHP DV WKH\ GHYHORS 7KH
VRFDOOHG SURRYLJHQLF SDUDVLWRLGV DUH ERUQ ZLWK
WKHLU HQWLUH FRPSOHPHQW RI HJJV 6\QRYLJHQLF
SDUDVLWRLGV RQ WKH FRQWUDU\ DUH ERUQ ZLWK D
OLPLWHG QXPEHU RI PDWXUH RRF\WHV DQG DUH DEOH WR
SURGXFH WKHP GXULQJ WKH HQWLUH IHPDOH OLIH LQ
UHVSRQVH WR KRVW DYDLODELOLW\ :KHQ HQYLURQPHQWDO
FXHV DUH QRW IDYRXUDEOH WR UHSURGXFWLRQ IHPDOHV
E\ VWRSSLQJ WKHLU RRJHQHVLV FDQ LQFUHDVH WKHLU
VXUYLYDO DQG LQ FRQVHTXHQFH LQFUHDVH WKH
SUREDELOLW\ WR ILQG IDYRUDEOH FRQGLWLRQV IRU OD\LQJ
HJJV 7KHUHIRUH UHSURGXFWLRQ VXFFHVV RI D
V\QRYLJHQLF SDUDVLWLF ZDVS LV GLUHFWO\ UHODWHG WR DQ
HIILFLHQW VWRSDQGJR PHFKDQLVP RI LWV RRJHQHVLV
7KH HQGRFULQH PHFKDQLVPV XQGHUO\LQJ WKLV
V\VWHP DUH SRRUO\ XQGHUVWRRG HVSHFLDOO\ IRU
K\PHQRSWHUDQ SDUDVLWRLGV (XSHOPXV YXLOOHWL
+\PHQRSWHUD (XSHOPLGDH LV D V\QRYLJHQLF
VROLWDU\ SDUDVLWRLG SURGXFLQJ \RONULFK HJJV
GXULQJ LWV LPDJLQDO VWDJH 7KH IHPDOH RYLSRVLWV RQ
WKH WKLUG WR IRXUWK ODUYDO LQVWDUV RI
&DOORVREUXFKXV PDFXODWXV &ROHRSWHUD
%UXFKLGDH ZKLFK GHYHORS ZLWKLQ SRGV DQG VHHGV
RI 9LJQD XQJXLFXODWD )DEDFDH ,Q D ILUVW VWHS
WKH LGHQWLW\ DQG WLWUH RI HFG\VWHURLGV LQ
UHSURGXFWLYHO\ DFLYH DQG LQDFWLYH DGXOW IHPDOH
SDUDVLWRLGV ZHUH LQYHVWLJDWHG E\ (,$+3/& $
ODUJH TXDQWLW\ RI HFG\VRQH ZDV IRXQG LQ IHPDOH
ZDVSV GXULQJ WKHLU UHSURGXFWLYH SHULRG FRPSDUHG
ZLWK LQDFWLYH IHPDOHV ,Q D VHFRQG VWHS ERWK WKH
VHFUHWLRQ RI HFG\VWHURLG LQWR WKH PHGLXP RI LQ
YLWUR FXOWXUHG RYDULHV DQG WKH HG\VWHURLG FRQWHQW
RI IHPDOHV UHDUHG ZLWK RU ZLWKRXW KRVW ZDV
PHDVXUHG E\ (,$ 7KH SUHVHQFH RI WKH KRVW ZKLFK
UHSUHVHQWV ERWK WKH RYLSRVLWLRQ VLWH DQG WKH
QXWULWLRQDO VRXUFH IRU WKH IHPDOH LQGXFHG DQ
DFWLYH ELRV\QWKHVLV RI HFG\VRQH 7KLV V\QWKHVLV
VWDUWHG DW D VORZ UDWH LPPHGLDWHO\ DIWHU KRVW
LQWURGXFWLRQ DQG UHDFKHG D PD[LPXP DIWHU 
KRXUV 0RUHRYHU LI KRVWV ZHUH FRQWLQXDOO\
DYDLODEOH WKLV V\QWKHVLV ZDV F\FOLF DQG FRQWLQXRXV
GXULQJ WKH HQWLUH IHPDOH OLIHWLPH 7KH
LQYROYHPHQW RI HFG\VRQH LQ WKH PHFKDQLVPV
DOORZLQJ IOH[LELOLW\ RI RRJHQHVLV LQ V\QRYLJHQLF
ZDVSV DQG WKH QDWXUH RI WKH RYDULDQ
VWHURLGRJHQHVLV VWLPXOL OLQNHG WR KRVW SUHVHQFH
ZLOOEHGLVFXVVHG
)XQFWLRQDO DQDO\VLV RI WKH





'HSDUWPHQW RI 3K\VLRORJ\ DQG 0ROHFXODU
%LRGLYHUVLW\ ,QVWLWXW GH %LRORJLD 0ROHFXODU GH





-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ,Q LQVHFWV PROWLQJ LV FRQWUROOHG PDLQO\ E\
HFG\VWHURLG KRUPRQHV 7KH PRUH DFWLYH IRUP RI
LQVHFW HFG\VWHURLGV K\GUR[\HFG\VRQH ( LV
ERXQG E\ DQ KHWHURGLPHU RI WKH QXFOHDU UHFHSWRUV
(F5 DQG 863 'RZQVWUHDP JHQHV DFWLYDWHG E\
(F5863 LQFOXGH RWKHU QXFOHDU UHFHSWRUV FOHDUO\
LQGLFDWLQJ WKDW WKLV IDPLO\ RI WUDQVFULSWLRQ IDFWRUV
SOD\V D FUXFLDO UROH LQ WUDQVGXFLQJ WKH ( VLJQDO
5HODWLYHO\ OLWWOH LV NQRZQ DERXW WKH
HFG\VWHURLGPHGLDWHG KLHUDUFK\ RI WUDQVFULSWLRQ
IDFWRUV LQ SULPLWLYH LQVHFWV +HUH ZH UHSRUW RQ WKH
FORQLQJ DQG FKDUDFWHUL]DWLRQ RI ILYH LVRIRUPV RI
( D PHPEHU RI WKH QXFOHDU UHFHSWRU IDPLO\ LQ
WKH KHPLPHWDERORXV LQVHFW %ODWWHOOD JHUPDQLFD
7KH ILYH LVRIRUPV %J($ % & ' DQG (
GLVSOD\ VSHFLILF ( UHVSRQVLYHQHVV DQG WKHLU
P51$V VKRZ FOHDU GLIIHUHQFHV LQ WLVVXH DQG
VWDJHH[SUHVVLRQ SDWWHUQV 0RUHRYHU ZH FDUULHG
RXW 51$L IRU %J( LQ ODVW LQVWDU Q\PSK DQLPDOV
DQG REVHUYHG HIILFLHQW DQG UHSURGXFLEOH VLOHQFLQJ
RI JHQH IXQFWLRQ $QDO\VLV RI WKH NQRFNGRZQ
SKHQRW\SH UHYHDOHG WKDW %J( LV HVVHQWLDO IRU
QRUPDO GHYHORSPHQW RI % JHUPDQLFD $ GHWDLOHG
DQDO\VLV RI WKH %J( NQRFNGRZQ SKHQRW\SH ZLOO
EHGLVFXVVHG
7KH KHWHURGLPHU (F55;5 LV
HVVHQWLDO IRU JHUP EDQG
IRUPDWLRQ LQ WKH VKRUWJHUP
EDQG LQVHFW Blattella
germanica
0DUWtQ ' 0DHVWUR 2 &UX] - 3DVFXDO 1
0DQp3DGUyV'%HOOpV;
'HSDUWPHQW RI 3K\VLRORJ\ DQG 0ROHFXODU
%LRGLYHUVLW\ ,QVWLWXW GH %LRORJLD 0ROHFXODU GH




,Q LQVHFWV PDMRU GHYHORSPHQWDO WUDQVLWLRQV
RFFXUULQJ WKURXJKRXW WKHLU OLIH F\FOHV DUH ILQHO\
UHJXODWHG E\ FKDQJHV LQ WKH WLWUH RI WKH
HFG\VWHURLGDO KRUPRQH K\GUR[\HFG\VRQH
( ( LQGXFHV WKHVH WUDQVLWLRQV XSRQ
ELQGLQJ WR LWV KHWHURGLPHULF UHFHSWRU ZKLFK LV
IRUPHG E\ WZR PHPEHUV RI WKH QXFOHDU UHFHSWRU
VXSHUIDPLO\ (F5 DQG WKH 5;5 KRPRORJ 863 7KH
DFWLYDWHG UHFHSWRU HOLFLWV FDVFDGHV RI JHQH
H[SUHVVLRQ WKDW PHGLDWH DQG DPSOLI\ WKH
HFG\VWHURLGDO VLJQDO ([WHQVLYHO\ DQDO\VHV KDYH
EHHQ FRQGXFWHG XVLQJ 'URVRSKLOD PHODQRJDVWHU
DQG 0DQGXFD VH[WD DV LQVHFW PRGHOV ZKLFK KDYH
FODULILHG D QXPEHU RI IXQFWLRQV UHJXODWHG E\ WKHVH
KRUPRQHV GXULQJ WKH SRVWHPEU\RQLF
GHYHORSPHQW +RZHYHU WKH UROH SOD\HG E\
HFG\VWHURLGV GXULQJ WKH HPEU\RJHQHVLV LV SRRUO\
XQGHUVWRRG ,Q ' PHODQRJDVWHU D PRGHO RI
ORQJJHUP EDQG HPEU\RJHQHVLV WKHUH LV RQO\ RQH
PLGHPEU\RQLF SXOVH RI HFG\VWHURLGV 0RUHRYHU
HFG\VWHURLG VLJQDOOLQJ LV QHFHVVDU\ IRU WKH UHOHYDQW
PRUSKRJHQHWLF PRYHPHQWV WKDW VKDSH WKH ODUYDH
QDPHO\ JHUP EDQG UHWUDFWLRQ DQG KHDG
LQYROXWLRQ 'DWD RQ WKH UROH SOD\HG E\
HFG\VWHURLGV GXULQJ WKH HPEU\RJHQHVLV RI WKH
PRUH SULPLWLYH VKRUWJHUP EDQG LQVHFWV LV HYHQ
VFDUFHU PDLQO\ GXH WR WKH IDFW WKDW WKHVH VSHFLHV
DUH QRW DPHQDEOH WR JHQHWLF DQDO\VLV 7KH PDLQ
JRDO RI RXU UHVHDUFK LV WR HVWDEOLVK WKH UROH RI
HFG\VWHURLGV LQ WKH GHYHORSPHQW RI SULPLWLYH
LQVHFWV XVLQJ WKH KHPLPHQWDERORXV VSHFLHV
%ODWWHOOD JHUPDQLFD DV PRGHO $ GHWDLOHG DQDO\VLV
RI WKH HFG\VWHURLG WLWHU DQG WKH H[SUHVVLRQ
SDWWHUQV RI VHYHUDO JHQHV EHORQJLQJ WR WKH
HFG\VRQHGHSHQGHQW JHQHWLF KLHUDUFK\
WKURXJKRXW HPEU\RJHQHVLV RI % JHUPDQLFD VKRZ
WKDW D UHFXUULQJ FDVFDGH RI
HFG\VWHURLGVGHSHQGHQW JHQH H[SUHVVLRQ RFFXUV DW
  DQG  RI GHYHORSPHQW 0RUHRYHU ZH
KDYH XVHG D SDUHQWDO 51$L LQ YLYR DSSURDFK WKDW
DOORZ XV WR HIILFLHQW DQG VSHFLILFDOO\ GLVUXSW WKH
HPEU\RQLF JHQH IXQFWLRQ RI WKH WZR FRPSRQHQWV
RI WKH ( UHFHSWRU (F5 DQG 5;5 $ GHWDLOHG
DQDO\VLV RI WKH NQRFNGRZQ HPEU\RV VKRZV WKDW
ERWK QXFOHDU UHFHSWRUV DUH UHTXLUHG IRU WKH FRUUHFW
IRUPDWLRQ RI WKH JHUP EDQG 7DNHQ WRJHWKHU RXU
GDWD LQGLFDWHV WKDW LQ HPEU\RJHQHVLV HFG\VWHURLGV






0F%UD\HU = 2¶&RQQRU0- 3DUY\ -3 %HFNVWHDG
5 :DUUHQ -7 'DXSKLQ 9LOOHPDQW & 7KXPHOO
&*LOEHUW/,2¶&RQQRU0%
'HSW RI *HQHWLFV &HOO %LRORJ\ +RZDUG +XJKHV
0HGLFDO ,QVWLWXWH DQG 8QLYHUVLW\ RI 0LQQHVRWD
0LQQHDSROLV01
/DE (QGRFULQRORJLH 0ROpFXODLUH HW (YROXWLRQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 8QLYHUVLWp3HW0&XULH
'HSDUWPHQW RI *HQHWLFV 8QLYHUVLW\ RI 8WDK 6DOW
ODNH&LW\8WDKFDUOWKXPPHO#JHQHWLFVXWDKHGX






3URWKRUDFLFRWURSLF KRUPRQH 377+ LV D
QHXURSHSWLGH KRUPRQH SURGXFHG LQ WKH FHQWUDO
QHUYRXV V\VWHP RI PDQ\ LQVHFWV 5HOHDVH RI WKLV
KRUPRQH IURP WKH EUDLQ LV WKRXJKW WR UHJXODWH
GHYHORSPHQWDO WLPLQJ E\ VWLPXODWLQJ WKH
SURWKRUDFLF JODQG WR V\QWKHVL]H DQG UHOHDVH
HFG\VRQH D NH\ KRUPRQH LQYROYHG LQ JURZWK
PROWLQJ DQG DGXOW PHWDPRUSKRVLV $OWKRXJK WKH
377+ DPLQR DFLG VHTXHQFH DPRQJ GLIIHUHQW
VSHFLHV RI /HSLGRSWHUD VXFK DV 0DQGXFD VH[WD
DQG %RPE\[ PRUL LV IDLUO\ GLYHUJHQW FRQVHUYHG
SDWWHUQV LQFOXGH  WKH QXPEHU RI F\VWHLQH
UHVLGXHV  WKH W\SHV RI LQWHU DQG
LQWUDPROHFXODU ERQGV WKH\ PDNH DQG  WKH
SODFHPHQW RI DPLQR DFLG W\SHV 7KLV LQIRUPDWLRQ
ZDV XVHG WR VFDQ WKH 'URVRSKLOD PHODQRJDVWHU
JHQRPH DQG D SRVVLEOH 377+ KRPRORJXH
&* ZDV LGHQWLILHG ,QYHVWLJDWLRQ RI WKH
P51$ SURILOH E\ LQVLWX K\EULGL]DWLRQ UHYHDOHG
YHU\ VSHFLILF H[SUHVVLRQ LQ WZR SDLUV RI QHXURQV LQ
WKH EUDLQ OREHV RI UG LQVWDU ODUYDH ,Q DGGLWLRQ
H[SHULPHQWV LQ WUDQVJHQLF IO\ OLQHV XVLQJ WKH
8$6*DO V\VWHP DQG DQ +$WDJJHG ³377+´
UHYHDOHG WKDW WKHVH QHXURQV LQQHUYDWH WKH
SURWKRUDFLF FRPSRQHQW RI WKH ULQJ JODQG LQ D
SDWWHUQ VLPLODU WR WKH 3* QHXURQV LGHQWLILHG E\
6LHJPXQG DQG .RUJH  )XUWKHUPRUH
WDUJHWHG DEODWLRQ RI WKHVH QHXURQV XVLQJ WKH
8$6*DO V\VWHP WR GULYH WKH DSRSWRWLF JHQH
JULP UHVXOWHG LQ FRQVLGHUDEOH SURWUDFWLRQ RI WKH
UG ODUYDO LQVWDU $IIHFWHG DQLPDOV GLG QRW DFKLHYH
SXSDULXP IRUPDWLRQ XQWLO DSSUR[LPDWHO\  GD\V
DIWHU HJJ OD\LQJ  GD\V ODWHU WKDQ QRUPDO 7KLV
SURWUDFWHG UG LQVWDU FDXVHG SURORQJHG IHHGLQJ
DQG JURZWK UHVXOWLQJ LQ HQODUJHG ODUYD WKDW
IRUPHG HQODUJHG SXSDH DQG HQODUJHG DGXOWV
$QLPDOV WKDW VXUYLYHG WR HFORVLRQ ZHUH ERWK YLDEOH
DQG IHUWLOH 7KH SURORQJHG ODUYDO OLIH LV WKH UHVXOW
RI D GHOD\ LQ HFG\VRQH SURGXFWLRQ VLQFH LW FDQ EH
DEURJDWHG E\ IHHGLQJ ODUYDH K\GU\R[HFG\VRQH
'XULQJ WKH GHYHORSPHQWDO GHOD\ DQLPDOV PRXQW
DQ DSSURSULDWH DOEHLW EHODWHG DQG DV\QFKURQRXV
WUDQVFULSWLRQDO UHVSRQVH WKDW GLUHFWV HQWU\ LQWR
PHWDPRUSKRVLV :H K\SRWKHVLV WKDW LQ
'URVRSKLOD 377+ LV QRW WKH SULPDU\ RXWSXW RI WKH
GHYHORSPHQWDO WLPHU UDWKHU LW DIIHFWV WKH RXWSXW
OHYHOV RI RU VHQVLWLYLW\ RI UHFHSWLRQ WR WKH WLPLQJ
VLJQDO
6L]H DVVHVVPHQW DQG JURZWK
FRQWURO WKH UROH RI WKH
SURWKRUDFLF JODQG DQG IDW ERG\
LQ FRQWUROOLQJ DGXOW VL]H LQ
Drosophila
0LUWK&7UXPDQ-:5LGGLIRUG/0




6L]H FRQWURO LV D SURFHVV FRPPRQ WR DOO RUJDQLVPV
7KH PHFKDQLVPV LQYROYHG DUH WZRIROG WKRVH WKDW
UHJXODWH JURZWK UDWH DQG WKRVH WKDW DVVHVV ZKHQ D
VXIILFLHQW VL]H KDV EHHQ UHDFKHG DQG JURZWK
VKRXOG VWRS :H KDYH VKRZQ WKDW WKH JURZWK RI
WKH SURWKRUDFLF JODQG 3* GHWHUPLQHV ZKHQ
FULWLFDO ZHLJKW KDV EHHQ UHDFKHG 0LUWK & HW DO
 &XUU %LRO  ± :KHQ 3*
JURZWK ZDV GHFUHDVHG E\ VXSSUHVVLQJ LQVXOLQ
VLJQDOLQJ LQ WKH 3* FHOOV XVLQJ WKH *DO  GULYHU
3 ODUYDH GHOD\HG GHYHORSPHQW DQG HLWKHU
PHWDPRUSKRVHG DV VHFRQG LQVWDU SXSDH RU DV
ODUJH WKLUG LQVWDU SXSDH  WKH ZHLJKW RI
SKDUDWH DGXOW FRQWUROV ,Q FRQWUDVW HQODUJLQJ WKH
3* E\ K\SHUDFWLYDWLQJ LQVXOLQ VLJQDOLQJ LQ WKHVH
FHOOV ZLWK WKH *DO GULYHU SKDQWRP FDXVHG
IRUPDWLRQ RI VPDOOHU SXSDULD ± RI WKH
FRQWUROV 5HDULQJ ODUYDH XQGHU FRQVWDQW OLJKW
HQKDQFHG WKHVH HIIHFWV VR WKDW ODUYDH UHDFKHG
FULWLFDO ZHLJKW  KRXUV HDUOLHU DQG DW PXFK VPDOOHU
VL]HV  RI WKH FRQWURO :H DUH FXUUHQWO\ WHVWLQJ
ZKHWKHU '+5 D UHSUHVVRU RI
HFG\VRQHUHVSRQVLYH JHQHV WKDW LV H[SUHVVHG
VROHO\ LQ WKH 3* DURXQG WKH WLPH RI FULWLFDO ZHLJKW
LV LQYROYHG LQ WKH 3*PHGLDWHG VL]H DVVHVVPHQW
HYHQW 5HFHQWO\ ZH KDYH DOVR IRXQG WKDW UHGXFWLRQ
RI IDW ERG\ VL]H WKURXJKRXW ODUYDO GHYHORSPHQW
PLPLFNHG WKH HIIHFWV RI VWDUYDWLRQ DQG SURGXFHG
VPDOO VWDUYDWLRQVHQVLWLYH DGXOWV  RI WKH
FRQWUROV WKDW LQLWLDWHG PHWDPRUSKRVLV DW QRUPDO
WLPHV 6XUSULVLQJO\ LQFUHDVLQJ IDW ERG\ VL]H DIWHU
WKH PLGWKLUG LQVWDU DOVR UHVXOWHG LQ VPDOO DGXOWV
EXW WKHVH ZHUH VWDUYDWLRQ UHVLVWDQW 7KHUHIRUH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH HDUO\ LQ ODUYDO OLIH WKH IDW ERG\ LV OLNHO\ FRQWUROOLQJ
QXWULWLRQGHSHQGHQW JURZWK UDWHV /DWHU LW PD\
FRPSHWH ZLWK RWKHU WLVVXHV IRU SURWHLQ DQG OLSLG
VWRUDJH OHDGLQJ WR D UHGXFWLRQ LQ VL]H &RORPEDQL
- HW DO  6FLHQFH  ± VKRZHG WKDW
HOLPLQDWLQJ WKH H[SUHVVLRQ RI (F5 LQ WKH )%
LQFUHDVHV JURZWK UDWHV DQG SXSDO VL]H 7KHUHIRUH
ZH DUH WHVWLQJ ZKHWKHU WKH )% LV D WDUJHW WLVVXH
GXULQJ 3*PHGLDWHG VL]H DVVHVVPHQW 6XSSRUWHG
E\ WKH 5R\DOW\ 5HVHDUFK )XQG WR /05 9LUJLQLD
DQG 3UHQWLFH %ORHGHO 8QLYHUVLW\ 3URIHVVVRUVKLS WR
/05DQG1,+516WR-:7DQG/05




'LYLVLRQ RI %LRORJLFDO 6FLHQFH *UDGXDWH VFKRRO RI
6FLHQFH 1DJR\D 8QLYHUVLW\ 1DJR\D 
-DSDQ
1DWLRQDO ,QVWLWXWH RI $JURELRORJLFDO 6FLHQFHV
7VXNXED,EDUDNL-DSDQ
'HSDUWPHQW RI ,QWHJUDWHG %LRVFLHQFHV *UDGXDWH





/DVW LQVWDU ODUYDH RI OHSLGRSWHUDQV VWRS IHHGLQJ
DQG VWDUW ZDQGHULQJ VHYHUDO GD\V DIWHU HFG\VLV
DQG WKHVH EHKDYLRUDO FKDQJHV PDUN WKH LQLWLDWLRQ
RI WKH SUHSDUDWRU\ SKDVH RI ODUYDOSXSDO
PHWDPRUSKRVLV ,W LV ZLGHO\ EHOLHYHG WKDW WKLV
WUDQVLWLRQ IURP IHHGLQJ VWDJH WR PHWDPRUSKLF
GHYHORSPHQW LV WULJJHUHG E\ WKH
SURWKRUDFLFRWURSLF KRUPRQH 377+ VHFUHWHG E\
WKH EUDLQFRUSRUD FDUGLDFDFRUSRUD DOODWD
FRPSOH[ ,QGHHG LQ %RPE\[ PRUL WKH 377+ WLWHU
LQ KHPRO\PSK DEUXSWO\ ULVHV RQ GD\  RU  RI WKH
ILIWK LQVWDU EHLQJ DFFRPSDQLHG E\ WKH LQFUHDVH LQ
KHPRO\PSK HFG\VWHURLG WLWHU DQG WKH VWDUW RI
ZDQGHULQJ :KDW UHJXODWHV WKLV VXUJH UHOHDVH RI
377+ WKHQ" 7R DGGUHVV WKLV LVVXH ZH IRFXVHG RQ
D VPDOO ULVH LQ KHPRO\PSK HFG\VWHURLG WLWHU WKDW
RFFXUV WKH GD\ EHIRUH WKH 377+ VXUJH DQG
FRQGXFWHG WZR OLQHV RI H[SHULPHQWV WR H[DPLQH
WKH UROH RI HFG\VWHURLG LQ WKH LQGXFWLRQ RI WKH
377+ VXUJH )LUVW D VPDOO DPRXQW RI
K\GUR[\HFG\VRQH ZDV LQMHFWHG WZR GD\V EHIRUH
WKH H[SHFWHG GD\ RI 377+ VXUJH WR VLPXODWH WKH
VPDOO LQFUHDVH LQ KHPRO\PSK HFG\VWHURLG WLWHU RQ
WKH GD\ EHIRUH WKH 377+ VXUJH 7KLV LQMHFWLRQ OHG
WR D SUHFRFLRXV VXUJH RI 377+ WKH QH[W GD\ RQH
GD\ SULRU WR WKH QRUPDO 377+ VXUJH 1H[W WKH
KHPRO\PSK HFG\VWHURLG WLWHU RQ WKH GD\ EHIRUH
WKH 377+ VXUJH ZDV DUWLILFLDOO\ ORZHUHG E\
LQMHFWLQJ HFG\VWHURLG ±R[LGDVH ZKLFK
LQDFWLYDWHV K\GUR[\HFG\VRQH $IWHU WKLV
WUHDWPHQW WKH 377+ VXUJH ZDV LQKLELWHG LQ 
RI WKH DQLPDOV WKH QH[W GD\ ZKLOH WKH VXUJH
RFFXUUHG LQ  RI FRQWURO DQLPDOV 7KHVH UHVXOWV
LQGLFDWH WKDW HFG\VWHURLG LV QHFHVVDU\ WR LQGXFH
WKH 377+ VXUJH 7KH PHFKDQLVPV E\ ZKLFK D
VPDOO ULVH LQ KHPRO\PSK HFG\VWHURLG WLWHU LV
EURXJKW DERXW DQG WKH ELRORJLFDO PHDQLQJ RI WKH
UHJXODWLRQ RI 377+ VXUJH E\ HFG\VWHURLG ZLOO EH
GLVFXVVHG
6HOHFWLRQ DQG DQDO\VLV RI FHOO




/DERUDWRU\ RI $JUR]RRORJ\ 'HSDUWPHQW RI &URS
3URWHFWLRQ )DFXOW\ RI %LRVFLHQFH (QJLQHHULQJ





2YHU WKH SDVW IHZ \HDUV WKH EHHW DUP\ZRUP
6SRGRSWHUD H[LJXD +EQHU /HSLGRSWHUD
1RFWXLGDH KDV EHFRPH D VHULRXV SHVW WKDW KDV
GHYHORSHG UHVLVWDQFH WR YDULRXV JURXSV RI
LQVHFWLFLGHV 0HWKR[\IHQR]LGH LV RQH RI WKH QHZHVW
DQG WKH PRVW HIIHFWLYH RI WKH QRQVWHURLGDO
HFG\VRQH DJRQLVW LQVHFWLFLGHV WKDW KDV EHHQ
FRPPHUFLDOL]HG DQG XVHG DJDLQVW /HSLGRSWHUD
VXFK DV 6SRGRSWHUD VSHFLHV &XOWXUHG LQVHFW FHOOV
DUH NQRZQ WR EH D YDOXDEOH V\VWHP IRU WKH VWXG\ RI
WKH UHVLVWDQFH SURFHVV ,Q WKLV VWXG\ ZH REWDLQHG
PHWKR[\IHQR]LGH DQG K\GUR[\HFG\VRQH (
UHVLVWDQW VXEFORQHV RI WKH 6H FHOO OLQH 7KLV FHOO
OLQH RULJLQDWLQJ IURP HPEU\RV RI WKH EHHW
DUP\ZRUP LV VHQVLWLYH IRU HFG\VWHURLG DFWLYLW\
VWLPXODWHG E\ WKH LQVHFW PROWLQJ KRUPRQH (
DQG WKH GLEHQ]R\OK\GUD]LQH FRPSRXQGV 7KH
REMHFWLYH RI WKLV VWXG\ ZDV WR VWXG\ SRVVLEOH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH PHFKDQLVPV RI UHVLVWDQFH WRZDUGV ( DQG
PHWKR[\IHQR]LGH XVLQJ 6H FHOOV *UDGXDOO\
LQFUHDVLQJ FRQFHQWUDWLRQV RI ( DQG
PHWKR[\IHQR]LGH ZHUH DGGHG RYHU D SHULRG RI
DERXW RQH \HDU )URP WKHVH FXOWXUHV ILYH
PHWKR[\IHQR]LGH UHVLVWDQW VXEFORQHV DQG IRXU
( UHVLVWDQW RQHV ZHUH VHOHFWHG VKRZLQJ
UHVLVWDQFH OHYHOV UDQJLQJ EHWZHHQ  DQG 
IROG WRZDUGV ( DQG PHWKR[\IHQR]LGH
UHVSHFWLYHO\ 7KH\ DOVR GLVSOD\HG FURVVUHVLVWDQFH
WRZDUGV ( DQG PHWKR[\IHQR]LGH ,W LV
FRQFOXGHG WKDW WKLV LQVHFW FHOO OLQH KDV SRWHQWLDO
HYROYLQJ KLJK OHYHO RI UHVLVWDQFH WR
PHWKR[\IHQR]LGH LQ D VKRUW WLPH 7KH LQIRUPDWLRQ
ZH UHSRUW FDQ KHOS WR EHWWHU H[SODLQ WKH
PHFKDQLVPV EHKLQG WKH RFFXUUHQFH RI LQVHFWLFLGH
UHVLVWDQFH 6WUDWHJLHV WR PDQDJH UHVLVWDQFH WR D
SDUWLFXODU LQVHFWLFLGH KDYH XVXDOO\ EHHQ GHYLVHG
DIWHU UHVLVWDQFH KDV HYROYHG 7KHUHIRUH FHOO
FXOWXUHV FDQ KHOS WR LQGLFDWH UHVLVWDQFH
PHFKDQLVPV WRZDUGV D QHZ LQVHFWLFLGH EHIRUH




DJRQLVWV DQG WKH SUHGLFWLRQ RI
WKH OLJDQG ELQGLQJ WR WKH
HFG\VRQH UHFHSWRUV RI Bombyx
mori
1DNDJDZD < :KHHORFN &( +DUDGD 7 6RLQ 7
6PDJJKH*$NDPDWVX0,DWURX.6ZHYHUV/
*UDGXDWH 6FKRRO RI $JULFXOWXUH .\RWR
8QLYHUVLW\.\RWR-DSDQ
)DFXOW\ RI %LRVFLHQFH (QJLQHHULQJ *KHQW
8QLYHUVLW\ &RXSXUH OLQNV  % *KHQW
%HOJLXP
1DWLRQDO &HQWHU IRU 6FLHQWLILF 5HVHDUFK




,QVHFW PROWLQJ LV UHJXODWHG E\ WKH VWHURLG
KRUPRQH K\GUR[\HFG\VRQH ( DQG WKH
GLVWXUEDQFH RI WKH RUGLQDU\ KRUPRQH EDODQFH FDQ
OHDG WR LQVHFW GHDWK 6LQFH WKLV KRUPRQDO
UHJXODWLRQ LV XQLTXH WR LQVHFWV HFG\VRQH DJRQLVWV
FDQ SRWHQWLDOO\ EH XVHG DV VDIH LQVHFWLFLGHV 7R
GDWH IRXU GLDF\OK\GUD]LQHV '$+V WHEXIHQR]LGH
PHWKR[\IHQR]LGH FKURPDIHQR]LGH DQG
KDORIHQR]LGH KDYH EHHQ GHYHORSHG DV LQVHFWLFLGHV
,W LV NQRZQ WKDW ( DQG LWV DJRQLVWV LQFOXGLQJ
'$+V ELQG WR WKH HFG\VRQH UHFHSWRU (F5 %LOODV
DQG FRZRUNHUV VROYHG WKH WKUHH GLPHQVLRQDO
VWUXFWXUHV RI HFG\VRQH UHFHSWRU SURWHLQV RI
OHSLGRSWHUDQ +HOLRWKLV YLUHFHQV ZLWK SRQDVWHURQH
$ 3RQ$ DQG D '$+ FRPSRXQG E\ ;UD\ FU\VWDO
VWUXFWXUH DQDO\VLV DQG GHPRQVWUDWHG WKDW WKHLU
OLJDQG ELQGLQJ FDYLWLHV DUH RQO\ SDUWLDOO\
RYHUODSSHG 7ZR \HDUV ODWHU WKH ;UD\ FU\VWDO
VWUXFWXUH RI (F5 RI KHPLSWHUDQ %HPLVLD WDEDFL LV
SXEOLVKHG DV 3RQ$ERXQG IRUP EXW QRW IRU WKH
'$+ERXQG IRUP :H SUHYLRXVO\ UHSRUWHG WKDW
WKH OLQHDU FRUUHODWLRQ EHWZHHQ WKH ODUYLFLGDO
DFWLYLW\ DQG WKH UHFHSWRU ELQGLQJ LQ LQ YLWUR
WUDQVODWHG SURWHLQV ZDV REVHUYHG IRU &
VXSSUHVVDOLV EXW QRW IRU FROHRSWHUDQ
/HSWLQRWDUVD GHFHPOLQHDWD E\ V\QWKHVL]LQJ
'$+V ZLWK YDULRXV VXEVWLWXHQWV DW EHQ]HQH ULQJV
DQG PHDVXULQJ WKHLU WKHLU DFWLYLW\ ,Q WKLV VWXG\
ZH FRQVWUXFWHG WKH OLJDQG ELQGLQJ GRPDLQ RI WKH
HFG\VRQH UHFHSWRU (F5 RI %RPE\[ PRUL IURP
WKDW RI + YLUHFHQV (F5 XVLQJ D SURWHLQ GLVFRYHU\
IXOO DXWRPDWHG PRGHOOLQJ V\VWHP 3')$06 $V D
UHVXOW VWHULF DQG K\GURSKRELF LQWHUDFWLRQV ZHUH
YLVXDOL]HG DQG WKH SRVVLEOH K\GURJHQERQGV ZHUH
SUHGLFWHG :H DOVR PHDVXUHG WKH DFWLYLW\ RI 
'$+ FRPSRXQGV XVLQJ D FHOOEDVHG KLJK
WKURXJKSXW VFUHHQLQJ V\VWHP LQ %RPE\[ PRUL
FHOOV DQG TXDQWLWDWLYHO\ DQDO\]HG WKH
VWUXFWXUHDFWLYLW\ UHODWLRQVKLS XVLQJ D ' 46$5
SURFHGXUH D FRPSDUDWLYH PROHFXODU ILHOG DQDO\VLV
&R0)$ WR GHULYH WKH VWHULF DQG HOHFWURVWDWLF
HIIHFWV RQ WKH DFWLYLW\ &RQVHTXHQWO\ WKH SURSRVHG
OLJDQGUHFHSWRU ELQGLQJ PRGHO IRU (F5 RI % PRUL
LV FRQILUPHG E\ &R0)$ UHVXOWV ,Q WKH IXUWKHU
VWXG\ ZH PHDVXUHG WKH ODUYLFLGDO DFWLYLW\ RI
'$+V DJDLQVW % PRUL DQG FRPSDUHG ZLWK WKHLU
DFWLYLW\LQFHOOV
,PSDFW RI KHWHURGLPHUL]DWLRQ
DQG OLJDQG RQ LQWUDFHOOXODU
ORFDOL]DWLRQ RI WKH HFG\VWHURLG
UHFHSWRU(F5UHFHSWRU
1LHYD&6SLQGOHU%DUWK06SLQGOHU.'






,QLWLDO QXFOHDU LPSRUW RI WKH HFG\VWHURLG UHFHSWRU
(F5 LQ YHUWHEUDWH FHOOV &+2 DQG &26 GRHV QRW
DIIRUG D KHWHURGLPHUL]DWLRQ SDUWQHU /DWHU RQ (F5
LV UHWDLQHG RQO\ LQ WKH SUHVHQFH RI D
KHWHURGLPHUL]DWLRQ SDUWQHU 1LHYD & HW DO 
%LRO &KHP  ± 8OWUDVSLUDFOH 863 LV
PRUH HIILFLHQW FRPSDUHG WR LWV YHUWHEUDWH
RUWKRORJXH 5;5 DQG OHDGV WR H[FOXVLYHO\ QXFOHDU
ORFDOL]DWLRQ RI (F5 HYHQ LQ WKH DEVHQFH RI OLJDQG
'1$ ELQGLQJ FRQIHUUHG E\ WKH KHWHURGLPHUL]DWLRQ
SDUWQHU LPSURYHV UHWDLQPHQW RI (F5 LQ WKH
QXFOHXV DV VKRZQ E\ 8VS ZKLFK KDV ORVW LWV '1$
ELQGLQJ FDSDELOLW\ 7KH &WHUPLQDO HQG RI 863
863Ƌ± HQFRPSDVVLQJ WKH &WHUPLQDO SDUW
RI WKH 'GRPDLQ DQG WKH ( DQG )GRPDLQV RI (FU
RU 8VS DUH LV HVVHQWLDO IRU UHWDLQPHQW RI (F5 LQ
WKH QXFOHXV ,Q WKH DEVHQFH RI KRUPRQH WKH
HFG\VWHURLG UHFHSWRU (F5 LV GLVWULEXWHG EHWZHHQ
F\WRSODVP DQG QXFOHXV $GGLWLRQ RI PXULVWHURQH $
LQFUHDVHV QXFOHDU ORFDOL]DWLRQ RI ZLOG W\SH (F5
ZLWKLQ ± PLQ 0XWDWLRQ RI 0 VLWXDWHG LQ
KHOL[  RI WKH OLJDQG ELQGLQJ GRPDLQ ZKLFK LV
HVVHQWLDO IRU OLJDQG ELQGLQJ *UHEH HW DO 
%LRO &KHP  ± WR DODQLQH VWLOO DOORZV
QXFOHDU ORFDOL]DWLRQ DW VXEQRUPDO OHYHOV
&RWUDQVIHFWLRQ ZLWK XOWUDVSLUDFOH 863 WKH
LQYHUWHEUDWH RUWKRORJXH RI 5;5 OHDGV WR
H[FOXVLYHO\ QXFOHDU ORFDOL]DWLRQ RI ZLOG W\SH (F5
DQG (F50$LQGLFDWLQJ WKDW KHWHURGLPHUL]DWLRQ
LQ WKH DEVHQFH RI KRUPRQH LV VWLOO SRVVLEOH (06$
H[SHULPHQWV VKRZ WKDW WKH OLJDQG PXULVWHURQH $
HQKDQFHV ELQGLQJ RI ZLOG W\SH (F5 EXW QRW RI
PXWDWHG (F5V WR WKH FDQRQLFDO KVS  HFG\VRQH
UHVSRQVLYH HOHPHQW ZKLFK LV LQ DJUHHPHQW ZLWK
WUDQVDFWLYDWLRQ VWXGLHV 7KH UHVXOWV LQGLFDWH WKDW
WKH DUFKLWHFWXUH RI WKH (GRPDLQ RI (F5 LV
LPSRUWDQW IRU QXFOHDU ORFDOL]DWLRQ HYHQ LQ WKH
DEVHQFH RI D OLJDQG DQG LQGLFDWHV WKDW WKH
FRQIRUPDWLRQ RI WKH OLJDQG ELQGLQJ SRFNHW FDQ EH
SDUWLDOO\UHVFXHGE\863
,GHQWLILFDWLRQ DQG
FKDUDFWHUL]DWLRQ RI WKH JHQHV
IXQFWLRQLQJ LQ WKH SURWKRUDFLF
JODQG $ QRYHO JHQH neverland
LV HVVHQWLDO IRU HFG\VRQH
V\QWKHVLVDQGLQVHFWJURZWK
1LZD 5 <RVKL\DPD 7 1DPLNL 70 L W D. 
.DWDRND+
'HSDUWPHQW RI ,QWHJUDWHG %LRVFLHQFHV *UDGXDWH
6FKRRO RI )URQWLHU 6FLHQFHV 7KH 8QLYHUVLW\ RI
7RN\R&KLED-DSDQ
/DERUDWRU\ RI ,QVHFW *HQRPH 1DWLRQDO ,QVWLWXWH




'XULQJ ODUYDO DQG SXSDO VWDJHV RI LQVHFWV
HFG\VRQH LV V\QWKHVL]HG LQ WKH SURWKRUDFLF JODQG
3* DQG SOD\V D FHQWUDO UROH LQ WKH FRQWURO RI
GHYHORSPHQW $OWKRXJK PDQ\ VWXGLHV KDYH
UHYHDOHG WKH ELRFKHPLFDO IHDWXUHV RI HFG\VRQH
V\QWKHVLV LQ WKH 3* PDQ\ DVSHFWV RI WKLV SDWKZD\
KDYH UHPDLQHG XQFOHDU DW WKH PROHFXODU OHYHO
7KURXJK D FRPELQHG ELRFKHPLFDO DQG PROHFXODU
JHQHWLF DSSURDFK XVLQJ ERWK WKH VLONZRUP
%RPE\[ PRUL DQG WKH IUXLW IO\ 'URVRSKLOD
PHODQRJDVWHU ZH KDYH LGHQWLILHG DQG
FKDUDFWHUL]HG JHQHV UHVSRQVLEOH IRU
HFG\VWHURLGRJHQHVLV LQ WKH 3* LQFOXGLQJ VHYHUDO
F\WRFKURPH 3 JHQHV 1LZD 5 HW DO  -
%LRO &KHP  ± 1LZD 5 HW DO
 ,QVHFW 0RO %LRO  ± 1DPLNL 7 HW
DO  %%5& ± ,Q WKLV
SUHVHQWDWLRQ ZH UHSRUW DQRWKHU QRYHO JHQH FDOOHG
QHYHUODQG QYG ZKLFK HQFRGHV DQ
R[\JHQDVHOLNH SURWHLQ ZLWK D 5LHVNH HOHFWURQ
FDUULHU GRPDLQ QYG LV H[SUHVVHG VSHFLILFDOO\ LQ
WLVVXHV WKDW V\QWKHVL]H HFG\VRQH VXFK DV WKH 3*
:H DOVR VKRZ WKDW ORVV RI QYG IXQFWLRQ LQ WKH 3*
FDXVHV DUUHVW RI ERWK PROWLQJ DQG JURZWK GXULQJ
'URVRSKLOD GHYHORSPHQW )XUWKHUPRUH WKH
SKHQRW\SH LV UHVFXHG E\ DSSOLFDWLRQ RI
K\GUR[\HFG\VRQH RU WKH SUHFXUVRU
GHK\GURFKROHVWHURO *LYHQ WKDW WKH QYG IDPLO\ LV
HYROXWLRQDOO\ FRQVHUYHG WKHVH UHVXOWV VXJJHVW WKDW
1YG LV D QRYHO DQG HVVHQWLDO UHJXODWRU RI
FKROHVWHURO PHWDEROLVP RU WUDIILFNLQJ GXULQJ
VWHURLG V\QWKHVLV DFURVV DQLPDO SK\OD :H ZLOO
DOVR GLVFXVV RXU GDWD IURP IXQFWLRQDO DQDO\VLV RI
WKHRWKHU3*VSHFLILFJHQHV
6WUXFWXUHDFWLYLW\ UHODWLRQVKLS
VWXG\ RI HFG\VRQH DJRQLVWV
DJDLQVW &RORUDGR SRWDWR EHHWOH
Leptinotarsa decemlineata
2JXUD 7 1DNDJDZD < 0LQDNXFKL & 6PDJJKH
*0L\DJDZD+
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 'HSDUWPHQW RI $JULFXOWXUH .\RWR 8QLYHUVLW\
.\RWR-DSDQ




(FG\VRQH DJRQLVWV KDYH EHHQ H[SHFWHG WR EH VDIH
LQVHFW FRQWURO DJHQWV EHFDXVH WKH LQVHFW
GHYHORSPHQW V\VWHP ZKLFK LV UHJXODWHG E\ WKH
PROWLQJ KRUPRQH GRVH QRW H[LVW LQ YHUWHEUDWHV
VXFK DV KXPDQ EHLQJV 7KHUH DUH YDULRXV
HFG\VRQH DJRQLVWV DQG VRPH RI WKHP KDYH
VWHURLGDO VWUXFWXUHV OLNH WKH QDWXUDO PROWLQJ
KRUPRQH K\GUR[\HFG\VRQH ( EXW RWKHUV
KDYH QRQVWHURLGDO VWUXFWXUHV 7KH PRVW IDPRXV
QRQVWHURLGDO HFG\VRQH DJRQLVWV DUH
GLDF\OK\GUD]LQHV '$+ 9LD LQWHUDFWLRQ ZLWK WKH
UHFHSWRU RI ( D KHWHURGLPHU RI WKH HFG\VRQH
UHFHSWRU (F5 DQG XOWUDVSLUDFOH 863 '$+
VKRZV WR[LFLW\ WR LQVHFWV LQ WKH VSHFLHVVHOHFWLYH
PDQQHU (VSHFLDOO\ PDQ\ RI WKHP DUH SRWHQW WR
/HSLGRSWHUD 5HFHQWO\ ZH GHPRQVWUDWHG WKDW WKH
ELQGLQJ DIILQLW\ RI '$+ WR WKH LQ YLWUR WUDQVODWHG
PROWLQJ KRUPRQH UHFHSWRU (F5863 LV
FRUUHODWHG WR WKHLU ODUYLFLGDO DFWLYLW\ DJDLQVW D
OHSLGRSWHUDQ LQVHFW WKH ULFH VWHP ERUHU &KLOR
VXSSUHVVDOLV 7KHUHIRUH LW LV OLNHO\ WKDW WKH
VHOHFWLYH WR[LFLW\ RI '$+ LV FDXVHG E\ WKH
GLIIHUHQFH RI WKH UHFHSWRU ELQGLQJ DIILQLW\ DPRQJ
LQVHFWV 2Q WKDW DFFRXQW LW LV QHFHVVDU\ WR
FRPSDUH WKH ELQGLQJ DIILQLW\ RI '$+ WR (F5863
RI /HSLGRSWHUD ZLWK LQVHFWV LQ RWKHU RUGHUV 7KH
SXUSRVH RI RXU VWXG\ LV WR HOXFLGDWH WKH VHOHFWLYH
WR[LFLW\ RI '$+ DW WKH PROHFXODU OHYHO +HUH ZH
UHSRUW F'1$ FORQLQJ RI (F5 DQG 863 RI WKH
FROHRSWHUDQ &RORUDGR SRWDWR EHHWOH /HSWLQRWDUVD
GHFHPOLQHDWD /G(F5 DQG /G863 DQG LQ YLWUR
WUDQVODWLRQ RI WKHVH UHFHSWRU SURWHLQV $IWHU F'1$
FORQLQJ XVLQJ 573&5 ZLWK GHJHQHUDWH SULPHUV
DQG 5$&( PHWKRG ZH WUDQVFULEHG DQG WUDQVODWHG
F'1$V RI /G(F5 DQG /G863 LQ D UDEELW
UHWLFXORF\WH O\VDWH V\VWHP 6'63$*( RI WKHVH LQ
YLWUR WUDQVODWLRQ SURGXFWV VKRZHG PDMRU SURWHLQ
SURGXFWV ZKLFK KDYH VLPLODU PROHFXODU ZHLJKWV
ZLWK WKRVH FDOFXODWHG IURP DPLQR DFLG VHTXHQFHV
RI /G(F5 DQG /G863 UHVSHFWLYHO\ *HO PRELOLW\
VKLIW DVVD\ XVLQJ 'URVRSKLOD KVS (F5(
HFG\VRQH UHVSRQVH HOHPHQW UHYHDOHG WKDW LQ
YLWUR WUDQVODWHG /G(F5/G863 FDQ ELQG WR WKLV
(F5( VHTXHQFH 7KHVH UHVXOWV VXJJHVWHG WKDW WKH
LQ YLWUR WUDQVODWLRQ SURGXFW LV IXQFWLRQDO DV D
PROWLQJ KRUPRQH UHFHSWRU RI / GHFHPOLQHDWD$ V
H[SHFWHG WKH ELQGLQJ DIILQLW\ RI '$+ WR WKHVH
SURGXFWV RI LQ YLWUR WUDQVODWLRQ ZDV YHU\ GLIIHUHQW
IURP WKDW WR WKH UHFHSWRU RI & VXSSUHVVDOLV
+RZHYHU WKH ELQGLQJ DIILQLW\ RI '$+ WR
/G(F5/G863 ZDV QRW FRUUHODWHG WR WKHLU
ODUYLFLGDO DFWLYLW\ 7KHUHIRUH LW LV VXJJHVWHG WKDW
RWKHU IDFWRUV DUH PRUH LPSRUWDQW WKDQ WKH
UHFHSWRU ELQGLQJ DIILQLW\ WR WKH H[SUHVVLRQ RI WKH
WR[LFLW\ RI '$+ DJDLQVW / GHFHPOLQHDWD$
SRVVLEOH IDFWRU LV WKH DFWLYDWLRQ RI WUDQVFULSWLRQ E\
'$+ 7R HOXFLGDWH WKH HIIHFW RI WUDQVDFWLYDWLRQ RQ
WKH WR[LFLW\ RI '$+ DJDLQVW / GHFHPOLQHDWDZ H
FRQGXFWHG WKH UHSRUWHU JHQH DVVD\ XVLQJ D /
GHFHPOLQHDWD FHOO OLQH 7KH DFWLYLW\ RI
KDORIHQR]LGH ZDV VWURQJHU WKDQ WKDW RI
WHEXIHQR]LGH DOWKRXJK UHFHSWRU ELQGLQJ DIILQLWLHV
RIWKHPZHUHDOPRVWWKHVDPH
7ZR spook SDUDORJRXV JHQHV
FRGH IRU VWDJHVSHFLILF
FRPSRQHQWV RI WKH HFG\VWHURLG
ELRV\QWKHWLF SDWKZD\ LQ
Drosophila melanogaster
2QR + 5HZLW] .) :DUUHQ -7 *LOEHUW /,
2¶&RQQRU0%
'HSDUWPHQW RI *HQHWLFV &HOO %LRORJ\ DQG
'HYHORSPHQW +RZDUG +XJKHV 0HGLFDO ,QVWLWXWH
8QLYHUVLW\RI0LQQHVRWD0LQQHDSROLV0186$




K\GUR[\HFG\VRQH ( WKH PROWLQJ KRUPRQH
RI LQVHFWV UHJXODWHV WUDQVLWLRQ WKURXJK GLIIHUHQW
GHYHORSPHQWDO VWDJHV 3XOVHV RI ( DUH UHTXLUHG
IRU HPEU\RJHQHVLV ODUYDO PROWLQJ DQG
PHWDPRUSKRVLV DQG ( LV DOVR HVVHQWLDO IRU
SURSHU RRJHQHVLV 5HFHQWO\ WKH JHQHV RI WKH
+DOORZHHQ IDPLO\ WKDW FRGH IRU 3 HQ]\PHV
ZKLFK FDWDO\]H WKH ILQDO IRXU VWHSV KDYH EHHQ
LGHQWLILHG LQ 'URVRSKLOD 0XWDWLRQV LQ WKHVH JHQHV
UHVXOWV LQ IDLOXUH RI HPEU\RQLF GHYHORSPHQW DQG
H[KLELW FRPPRQ FKDUDFWHULVWLF SKHQRW\SHV VXFK DV
GRUVDO FORVXUH KHDG LQYROXWLRQ DQG PLGJXW
PRUSKRJHQHVLV 2I WKH +DOORZHHQ 3V RQO\
VSRRN VSR UHPDLQV XQFKDUDFWHUL]HG :H
HVWDEOLVKHG QRYHO UHVFXH FRQGLWLRQV IRU WKH
+DOORZHHQ OHWKDO HPEU\RV E\ GHOLYHULQJ DQ
H[WHUQDO SXOVH RI DQ HFG\VWHURLG WR GHFKRULRQDWHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH HPEU\RV 6SR PXWDQW HPEU\RV ZHUH UHVFXHG E\
( DQG VRPH RI WKHP HFORVHG DV DGXOW +RZHYHU
UHVFXHG VSR PXWDQW IHPDOHV ZHUH VWHULOH DQG WKHLU
RYDULHV IDLOHG WR GHYHORS QRUPDOO\ 5HVFXH
H[SHULPHQWV XVLQJ LQWHUPHGLDWHV LQ WKH
HFG\VWHURLG ELRV\QWKHWLF SDWKZD\ LQGLFDWH WKDW
6SR DFWV XSVWUHDP RI NHWRWULRO 6SR LV H[SUHVVHG LQ
WKH \RON QXFOHL DQG DPQLRVHURVD GXULQJ HDUO\
HPEU\RJHQHVLV DQG IROOLFOH FHOOV LQ WKH RYDU\ EXW LV
QRW H[SUHVVHG LQ WKH ULQJ JODQG HLWKHU GXULQJ
HPEU\RJHQHVLV RU LQ ODUYDO VWDJHV 7KH IDFW WKDW
6SR DFWLYLW\ LV QRW UHTXLUHG GXULQJ ODUYDO VWDJHV
VXJJHVW WKDW VRPH RWKHU 3 PD\ DFW LQ LWV SODFH
WR SURYLGH HFG\VWHURLG ELRV\QWKHWLF FDSDELOLWLHV
GXULQJ SRVW HPEU\RQLF VWDJH :H LGHQWLILHG D VSR
KRPRORJ GXEEHG VSRRNLHU VSRN ORFDOL]HG LQ
KHWHURFKURPDWLQ ,Q FRQWUDVW WR VSR VSRN LV
VSHFLILFDOO\ H[SUHVVHG LQ WKH ULQJ JODQG DIWHU ODWH
HPEU\RJHQHVLV ([SUHVVLRQ RI VSRN LV HOLPLQDWHG
LQ ODUYDH FDUU\LQJ PXWDWLRQV LQ PROWLQJ GHIHFWLYH
POG D JHQH HQFRGLQJ D QXFOHDU ]LQF ILQJHU
SURWHLQ WKDW LV UHTXLUHG IRU SURGXFWLRQ RI
HFG\VWHURLGV GXULQJ ODUYDO GHYHORSPHQW 7KHVH
UHVXOWV VXJJHVW WKDW LQ 'URVRSKLOD WZR VSRRN
JHQHV GLYLGH WKHLU IXQFWLRQ DW GLIIHUHQW
GHYHORSPHQWDO VWDJHV DQG 0OG LV D NH\ FRPSRQHQW
UHJXODWLQJ VSRN H[SUHVVLRQ WLPLQJ ,Q FRQWUDVW WR
'URVRSKLOD ZH KDYH LGHQWLILHG RQO\ RQH VSR
KRPRORJ WKDW LV VSHFLILFDOO\ H[SUHVVHG LQ ULQJ
JODQG LQ OHSLGRSWHUDQ VSHFLHV ,QWHUHVWLQJO\ POG
LV QRW IRXQG LQ DQ\ VSHFLHV VR IDU LQYHVWLJDWHG
RWKHU WKDQ 'URVRSKLOLGDH 7KHUHIRUH WKH SUHVHQFH
RI POG DQG FORVHO\ UHODWHG SDLUV RI VSR JHQHV PD\
LQGLFDWH WKDW WKHVH WZR HYHQWV DUH IXQFWLRQDOO\
FRXSOHG 7KHVH VWXGLHV VXJJHVW WKDW DQ
HYROXWLRQDU\ VSOLW EHWZHHQ 'URVRSKLOLGDH DQG
/HSLGRSWHUD LQ UHJXODWLRQ RI WKH HFG\VWHURLG
ELRV\QWKHWLF SDWKZD\ KDV RFFXUUHG E\ JHQH
GXSOLFDWLRQDQGGLYHUJHQFHHYHQWV
7KH UROH RI )W]I LQ
Drosophila VWHURLGRJHQHVLV
3DUY\ -3 3RQGHYLOOH ( 0DULD $
'DXSKLQ9LOOHPDQW&





,Q DUWKURSRGV HFG\VWHURLGV SOD\ FUXFLDO UROHV E\
LQLWLDWLQJ DQG UHJXODWLQJ PROWLQJ DQG
PHWDPRUSKRVLV ,GHQWLILFDWLRQ RI JHQHV FRGLQJ IRU
F\WRFKURPH 3 HQ]\PHV LQYROYHG LQ 'URVRSKLOD
HFG\VWHURLGRJHQHVLV LH SKDQWRP SKP
GLVHPERGLHG GLE VKDGRZ VDG DQG VKDGH VKG
KDV SURYLGHG QHZ WRROV WR LQYHVWLJDWH WKH
UHJXODWLRQ RI LQVHFW KRUPRQH SURGXFWLRQ :H KDYH
UHFHQWO\ VKRZQ WKDW WKHUH LV D WHPSRUDO
FRUUHODWLRQ EHWZHHQ G\QDPLFV RI HFG\VRQH
SURGXFWLRQ DQG H[SUHVVLRQ RI JHQHV HQFRGLQJ
VWHURLGRJHQLF HQ]\PHV GXULQJ WKH WKLUG LQVWDU
VXJJHVWLQJ WKDW WKH WLPLQJ RI KRUPRQH SURGXFWLRQ
GHSHQGV RQ WUDQVFULSWLRQDO UHJXODWLRQ RI WKH
ELRV\QWKHWLF HQ]\PHV 3DUY\ -3 HW DO
'HYHORSPHQWDO %LRORJ\  ± 8VLQJ FORQDO
DQDO\VLV OHYHOV RI VWHURLGRJHQLF HQ]\PHV ZHUH
VKRZQ WR EH YHU\ UHGXFHG LQ IW] WUDQVFULSWLRQ
IDFWRU  IW]I PXWDQW ULQJ JODQG FHOOV IXUWKHU
VXJJHVWLQJ WKDW WKLV WUDQVFULSWLRQ IDFWRU LV
LQYROYHG LQ WKH UHJXODWLRQ RI SKP GLE DQG VDG
H[SUHVVLRQV DW OHDVW LQ WKH WKLUG LQVWDU ,Q RUGHU WR
JDLQ D EHWWHU LQVLJKW LQWR WKH UROH RI )W]I RQ
HFG\VWHURLG ELRV\QWKHVLV LQWHUDFWLRQV EHWZHHQ LWV
H[SUHVVLRQ DQG VWHURLGRJHQHVLV ZHUH VWXGLHG DW
GLIIHUHQW VWDJHV RI 'URVRSKLOD GHYHORSPHQW 6LQFH
)W]I LV WKH KRPRORJ RI WKH YHUWHEUDWH
VWHURLGRJHQLF IDFWRU  6) ZKLFK SOD\V D NH\ UROH
LQ WKH GLIIHUHQWLDWLRQ RI YHUWHEUDWH VWHURLGRJHQLF
RUJDQV WKURXJK WUDQVFULSWLRQDO UHJXODWLRQ RI
VWHURLGRJHQLF HQ]\PHV D EHWWHU XQGHUVWDQGLQJ RI
)W]I UROH LQ 'URVRSKLOD VKRXOG DOORZ WR SUHFLVH
WKH SDUDOOHOV EHWZHHQ WKH UHJXODWRU\ PHFKDQLVPV
RIVWHURLGRJHQHVLVLQLQVHFWVDQGYHUWHEUDWHV
51$L RI WKH HDUO\ JHQH Broad




'HSDUWPHQW RI 3K\VLRORJ\ DQG 0ROHFXODU
%LRGLYHUVLW\ ,QVWLWXW GH %LRORJLD 0ROHFXODU GH




%URDG&RPSOH[ %5& LV D IDPLO\ RI &+ W\SH
]LQFILQJHU '1$ELQGLQJ SURWHLQV LQYROYHG LQ WKH
JHQHWLF FDVFDGH WULJJHUHG E\ K\GUR[\HFG\VRQH
,W LV LQYROYHG LQ PHWDPRUSKRVLV DV VKRZQ LQ WKH
IUXLW IO\ 'URVRSKLOD PHODQRJDVWHU DQG LQ WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH PRWKV 0DQGXFD VH[WD DQG %RPE\[ PRUL 0RUH
UHFHQWO\ %5& KDV EHHQ VKRZQ WR EH LQYROYHG LQ
YLWHOORJHQHVLV DQG RRJHQHVLV LQ ' PHODQRJDVWHU
DQG LQ WKH PRVTXLWR $HGHV DHJ\SWL ERWK ZLWK
YLWHOORJHQHVLV UHJXODWHG E\ HFG\VWHURLGV :H KDYH
VWXGLHG %5& LQ WKH *HUPDQ FRFNURDFK %ODWWHOOD
JHUPDQLFD %J%5& D KHPLPHWDERORXV LQVHFW
ZLWK YLWHOORJHQHVLV UHJXODWHG E\ MXYHQLOH KRUPRQH
%\ 573&5 ZH FORQHG WKH F'1$ IRU WKH IXOO
FRGLQJ UHJLRQ RI VL[ LVRIRUPV RI %5& QDPHO\ =
= = DQG = ZKLFK KDYH KRPRORJRXV
VHTXHQFHV LQ RWKHU LQVHFW VSHFLHV DQG WZR QHZ
LVRIRUPV WKDW ZH QDPHG = DQG = WKH ODVW RQH
ZLWK KRPRORJRXV VHTXHQFHV LQ WKH JHQRPHV RI
$SLV PHOOLIHUD DQG 7ULEROLXP FDVWDQHXP
%J%5& RUJDQL]DWLRQ VKDUHV D FRPPRQ
DPLQRWHUPLQDO %7% GRPDLQ IROORZHG E\ D FRUH
UHJLRQ IXVHG WR RQH RI WKH GLIIHUHQW &+ ]LQF
ILQJHUV ,Q % JHUPDQLFD ZH VWXGLHG WKH
H[SUHVVLRQ SDWWHUQV RI WKH VL[ LVRIRUPV RI %J%5&
LQ RYDULHV RI DGXOW IHPDOHV GXULQJ WKH ILUVW
JRQDGRWURSKLF F\FOH DV ZHOO DV GXULQJ
HPEU\RJHQHVLV %5& P51$ LV DOZD\V SUHVHQW LQ
RYDULHV DQG HPEU\RV VKRZLQJ YDULDWLRQV RIWHQ
DVVRFLDWHG ZLWK KRUPRQDO SDWWHUQV 51$L ZDV
XVHG WR NQRFNGRZQ %J%5& DQG WR VWXG\ WKH
IXQFWLRQV RI %5& UHODWHG WR UHSURGXFWLRQ 'RXEOH
VWUDQG 51$ ZDV GHVLJQHG WR WDUJHW WKH FRUH
UHJLRQ ZKLFK LV FRPPRQ WR DOO %J%5& LVRIRUPV
GV%J%5&FRP DQG ZDV H[SHFWHG WR LQWHUIHUH
DOO LVRIRUPV GV%J%5&FRP ZDV LQMHFWHG LQWR WKH
DEGRPHQ RI QHZO\ HPHUJHG DGXOW IHPDOHV DQG
UHGXFWLRQ RI %J%5& P51$ OHYHOV ZDV FKHFNHG LQ
WKH RYDULHV  DQG  GD\V DIWHU WKH WUHDWPHQW
GV%J%5&FRP WUHDWHG VSHFLPHQV VKRZHG
UHGXFHG IHFXQGLW\  RI WKH H[SHULPHQWDO
VSHFLPHQV GLG QRW IRUP WKH RRWKHFD ,Q DGGLWLRQ
PRVW RI WKH HPEU\RV IURP WKRVH IHPDOHV WKDW
IRUPHG WKH RRWKHFD VKRZHG PRUSKRORJLFDO GHIHFWV
DW GLIIHUHQW VWDJHV RI GHYHORSPHQW 7KH UHVXOWV
SRLQW WR NH\ UROHV RI %5& LQ WKH HPEU\RJHQHVLV RI
%JHUPDQLFD
(YLGHQFH IRU D VWHURLGEDVHG
VH[XDO GLPRUSKLVP LQ
Anopheles gambiae DGXOWV
3RQGHYLOOH ( 0DULD $ -DFTXHV -&  %RXUJRXLQ
&'DXSKLQ9LOOHPDQW&






(FG\VWHURLGV SOD\ HVVHQWLDO UROHV E\ WULJJHULQJ
PROWLQJ DQG PHWDPRUSKRVLV 6HYHUDO VWXGLHV KDYH
GHPRQVWUDWHG WKDW DW OHDVW LQ GLSWHUDQ LQVHFWV
PRVTXLWRHV DQG IOLHV WKHVH KRUPRQHV DOVR
JRYHUQ NH\ HYHQWV RI UHSURGXFWLRQ 5DLNKHO $6 HW
DO  ,Q +HQU\ +/ 1RUPDQ $: HGLWRUV
(QF\FORSHGLD RI +RUPRQHV / ±
$FDGHPLF 3UHVV 6ZHYHUV HW DO  ,Q *LOEHUW
/, ,DWURX . *LOO 66 HGLWRUV &RPSUHKHQVLYH
0ROHFXODU ,QVHFW 6FLHQFH  ± (OVHYLHU
3HUJDPRQ +RZHYHU IHZ GDWD DUH DYDLODEOH LQ WKH
OLWHUDWXUH IRU $QRSKHOHV JDPELDH DOWKRXJK WKLV
VSHFLHV LV WKH YHFWRU RI PDODULD WKH PRVW
ZLGHVSUHDG RI DOO WURSLFDO GLVHDVHV DQG RQH RI WKH
PRVW OHWKDO RYHU  PLOOLRQ GHDWKV SHU \HDU :H
KDYH VWXGLHG VWHURLGRJHQLF IXQFWLRQ LQ DGXOW
IHPDOH DQG PDOH $ JDPELDH 7KH UHFHQW
LGHQWLILFDWLRQ RI JHQHV HQFRGLQJ F\WRFKURPH 3
HQ]\PHV &<3V LQYROYHG LQ 'URVRSKLOD
HFG\VWHURLGRJHQHVLV KDV SURYLGHG QHZ PROHFXODU
WRROV WR LQYHVWLJDWH VWHURLGRJHQLF IXQFWLRQ LQ RWKHU
VSHFLHV :H KDYH HVWDEOLVKHG WKH IXQFWLRQDO
FRQVHUYDWLRQ RI WKHVH HQ]\PHV EHWZHHQ
'URVRSKLOD DQG $QRSKHOHV 3URGXFWLRQ DQG
LGHQWLW\ RI JRQDGDO VWHURLGV ZHUH GHWHUPLQHG
XVLQJ HQ]\PH LPPXQRDVVD\ DQG +3/& DQDO\VHV
DQG FRUUHODWHG WR WKH WLVVXH H[SUHVVLRQ RI
VWHURLGRJHQLF HQ]\PHV LQ ERWK PDOHV DQG IHPDOHV
XQGHU GLIIHUHQW SK\VLRORJLFDO FRQGLWLRQV 2XU
UHVXOWV SURYLGH D SUHFLVH EDVLV IRU WKH
FKDUDFWHUL]DWLRQ RI DGXOW VWHURLGRJHQLF WLVVXHV LQ
UHODWLRQWRUHSURGXFWLRQ
7KH LQIOXHQFH RI HFG\VWHURLG
FRQWDLQLQJ SUHSDUDWLRQ
VHUSLVWHQ RQ LRQLF FXUUHQWV RI
QHXURQV
3URVKHYD9,9LVORERNRY$,9RORGLQ99
,QVWLWXWH RI %LRORJ\ 5XVVLDQ $FDGHP\ RI
6FLHQFHV  .RPPXQLVWLFKHVND\D 6WUHHW
6\NW\YNDU5XVVLDQ)HGHUDWLRQ
,3 3DYORY 6WDWH 0HGLFDO 8QLYHUVLW\ LQ





-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH :H KDYH LQYHVWLJDWHG WKH HIIHFWV RI SUHSDUDWLRQ
6HUSLVWHQ FRQWDLQLQJ QDWXUDO HFG\VWHURLGV
PL[WXUH IURP WKH SODQW 6HUUDWXOD FRURQDWD /
$VWHUDFHDH RQ SRWDVVLXP FDOFLXP DQG VRGLXP
LRQLF FXUUHQWV LQ LVRODWHG QHXURQV RI WKH VQDLO
/\PQDHD VWDJQDOLV 7KH YROWDJHFODPS WHFKQLTXH
ZDV XVHG 6HUSLVWHQ ZDV DSSOLHG LQ ±
ƫJPO UDQJH FRQFHQWUDWLRQ ,W ZDV VKRZQ WKDW
6HUSLVWHQ DFWLYDWHV QRQVHOHFWLYHO\ SRWDVVLXP DQG
FDOFLXP FXUUHQWV LQ DOO UDQJH RI VWXGLHG
FRQFHQWUDWLRQV LW LQFUHDVHV FXUUHQWV DPSOLWXGH E\
±  DQG UHGXFHV QRQVSHFLILF PHPEUDQH
OHDNDJH FXUUHQWV 7KH VRGLXP FXUUHQWV DW
6HUSLVWHQ DFWLRQ LQ ORZ FRQFHQWUDWLRQV ±
ƫJPO ZHUH DOVR LQFUHDVHG LQ FRPSDULVRQ ZLWK
FRQWURO EXW WKH\ ZHUH UHGXFHG E\ ±  DW
FRQFHQWUDWLRQV RI ± ƫJPO 7KH HIIHFWV
ZHUH UHYHUVLEOH 7KH NLQHWLFV RI FXUUHQWV XQGHU WKH
LQIOXHQFH RI 6HUSLVWHQ ZDV QRW FKDQJHG 7KLV
UHVHDUFK ZDV VXSSRUWHG E\ JUDQW IURP WKH
3URJUDP RI 3UHVLGLXP RI 5$6 ³)XQGDPHQWDO
VFLHQFHVIRUPHGLFLQH´
,QYROYHPHQW RI WKH UHFHSWRU
IRU DFWLYDWHG & NLQDVH 
5$&. LQ WKH H[SUHVVLRQ RI





4XDQ *  'RXFHW ' .UHOO 3- $ULI %0 )HQJ
4
*UHDW /DNHV )RUHVWU\ &HQWUH  4XHHQ 6WUHHW
(DVW6DXOW6WH0DULH2QWDULR&DQDGD3$(




7KH HFG\VRQH VLJQDO LV WUDQVGXFWHG E\ QXFOHDU
UHFHSWRUV DQG WKH OLJDQGUHFHSWRU FRPSOH[ WR
PHGLDWH FKDQJHV LQ JHQH H[SUHVVLRQ 0RVW VWHURLG
KRUPRQH UHFHSWRUV VXFK DV (F5 DQG 863 DUH
SKRVSKRU\ODWHG 3KRVSKRU\ODWLRQ RU
GHSKRVSKRU\ODWLRQ ILQHO\ UHJXODWHV UHFHSWRU
IXQFWLRQV VXFK DV KRUPRQH ELQGLQJ '1$ ELQGLQJ
WUDQVORFDWLRQ DQG UHFRJQLWLRQ RI WKH KRUPRQH
UHVSRQVH HOHPHQW 3KRVSKRU\ODWLRQ RI WKH
HFG\VRQH UHFHSWRU FRPSRQHQWV DUH UHJXODWHG E\
K\GUR[\HFG\VRQH ( +RZHYHU LW UHPDLQV
XQNQRZQ ZKLFK NLQDVH VLJQDO WUDQVGXFWLRQ
FRPSRQHQWV DUH LQYROYHG LQ WKH (UHJXODWHG
SKRVSKRU\ODWLRQ RI WKH WUDQVFULSWLRQ IDFWRUV :H
GHPRQVWUDWH KHUH WKDW UHFHSWRU RI DFWLYDWHG &
NLQDVH  5$&.SURWHLQ NLQDVH & 3.& DUH
LQYROYHG LQ WKH (LQGXFHG H[SUHVVLRQ RI WKH
PROWDVVRFLDWHG WUDQVFULSWLRQ IDFWRU &+5 $
F'1$ FORQH HQFRGLQJ WKH UHFHSWRU IRU DFWLYDWHG &
NLQDVH  ZDV LVRODWHG IURP &KRULVWRQHXUD
IXPLIHUDQD &I5$&. &I5$&. SURWHLQ
FRQWDLQHG VHYHQ UHSHDWLQJ HOHPHQWV DQG LV D
KRPRORJRXV WR WKH JXDQLQH QXFOHRWLGHELQGLQJ
SURWHLQ EHWD VXEXQLW *3ơ ([SUHVVLRQ RI
&I5$&. RFFXUUHG LQ PRVW LQVHFW WLVVXHV DQG
GHYHORSPHQWDO VWDJHV DV WHVWHG +LJK OHYHOV RI
WUDQVFULSWV ZHUH DOVR GHWHFWHG LQ D PLGJXWGHULYHG
&) FHOO OLQH $ *)3IXVHG &I5$&. SURWHLQ
ZDV IRXQG WR GLVWULEXWH LQ WKH F\WRVRO VXUURXQGLQJ
WKH QXFOHL LQ VWDEO\ WUDQVIRUPHG FHOOV
'RXEOHVWUDQGHG 51$ PHGLDWHG LQWHUIHUHQFH
51$L RI &I5$&. RU LQKLELWLRQ RI LWV ELQGLQJ WR
3.& ZLWK 'HTXDOLQLXP
ᓉ'HFDPHWK\OHQHELVDPLQRTXLQDOGLQLXP
GLLRGLGH '(&$ VXSSUHVVHG WKH LQGXFWLRQ RI
&+5 H[SUHVVLRQ E\ ( '($& DOVR EORFNHG WKH
DFFXPXODWLRQ RI WKH (F5 LQ WKH QXFOHL 7KHVH GDWD
LPSO\ WKDW WKH 5$&.3.& VLJQDO WUDQVGXFWLRQ
FDVFDGH LV LQYROYHG LQ SKRVSKRU\ODWLRQ RI WKH










,Q PRVTXLWRHV WKH VWHURLG KRUPRQH
K\GUR[\HFG\VRQH ( IXQFWLRQV DV D
JHQHUDOL]HG V\VWHPLF VLJQDO FRRUGLQDWLQJ FULWLFDO
HYHQWV RI UHSURGXFWLRQ 1HZO\ HFORVHG IHPDOH
PRVTXLWRHV DUH QRW FRPSHWHQW WR UHVSRQG WR WKLV
KRUPRQH 7KH ơ)W]) RUSKDQ QXFOHDU UHFHSWRU
DFWV DV D FRPSHWHQFH IDFWRU IRU WKH ( UHVSRQVH
,W UHFUXLWV D S65& FRDFWLYDWRU RI WKH HFG\VRQH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH UHFHSWRU ),6& WR WKH IXQFWLRQDO HFG\VRQH
UHFHSWRU LQ D (GHSHQGHQW PDQQHU OHDGLQJ WR
HQKDQFHG ORFDO KLVWRQH + DFHW\ODWLRQ DQG UREXVW
DFWLYDWLRQ RI WDUJHW JHQHV 7KH PDMRU \RON SURWHLQ
SUHFXUVRU JHQH YLWHOORJHQLQ 9J H[SUHVVHG LQ WKH
PRVTXLWR IDW ERG\ LV D ( HIIHFWRU JHQH WKDW LV
GXDOO\ FRQWUROOHG E\ WKH HFG\VWHURLG UHFHSWRU
FRPSOH[ (F5863 DQG E\ WKH SURGXFWV RI
HFG\VWHURLG HDUO\ UHVSRQVLYH JHQHV ( ( DQG
%URDG 51$ LQWHUIHUHQFH DQDO\VHV VKRZHG WKDW
(% DQG %URDG = DUH DFWLYDWRUV RI 9J
H[SUHVVLRQ ZKLOH %U = DQG = DUH UHSUHVVRUV =
VHUYHV DV D ³WLPHU´ FRRUGLQDWLQJ WKH GHFOLQH LQ 9J
H[SUHVVLRQ (% DQG WKH HFG\VWHURLG UHFHSWRU
V\QHUJLVWLFDOO\ HQKDQFHG (LQGXFHG
WUDQVFULSWLRQ RI WKH 9J SURPRWHU 7KLV DFWLRQ
UHTXLUHV ( ELQGLQJ VLWHV DQG HFG\VRQH UHVSRQVH
HOHPHQWV LQ WKH 9J ᓉ UHJXODWRU\ UHJLRQ
7ZRK\EULG DVVD\V DQG FRLPPXQRSUHFLSLWDWLRQ
DQDO\VHV GHPRQVWUDWHG GLUHFW LQWHUDFWLRQ EHWZHHQ
(% DQG (F5863 0RUHRYHU GLVUXSWLRQ RI WKLV
LQWHUDFWLRQ E\ D GRPLQDQW QHJDWLYH ( PXWDQW
DEROLVKHG WKH HQKDQFHG DFWLYDWLRQ RI 9J
7KHUHIRUH WKH FRRSHUDWLYH LQWHUDFWLRQ EHWZHHQ
(% DQG WKH HFG\VWHURLG UHFHSWRU LV UHTXLUHG IRU
KLJKOHYHO H[SUHVVLRQ RI WKH 9J JHQH LQ YLYR 7KLV
LV DFFRPSOLVKHG WKURXJK (GHSHQGHQW
SURWHLQSURWHLQ LQWHUDFWLRQ RQ WKH 9J SURPRWHU
7KLV VWXG\ UHYHDOV KRZ WKH GLUHFWLQGLUHFW






5KDUUDEH . $OOD 6 0DULD $ 6D\DK ) /DIRQW
5
)DFXOWp GHV 6FLHQFHV HW 7HFKQLTXHV /DERUDWRLUH
GH %LRORJLH $SSOLTXpH 32 %R[  7DQJLHU
0RURFFR
8QLYHUVLWp 3LHUUH HW 0DULH &XULH /DERUDWRLUH
3URWpLQHV %LRFKLPLH 6WUXFWXUDOH HW )RQFWLRQQHOOH
&156 )5(   4XDL 6W %HUQDUG  3DULV
)UDQFH
,15$ /DERUDWRLUH 3K\VLRORJLH GH O¶,QVHFWH




'HWR[LILFDWLRQ PHFKDQLVPV RI LQJHVWHG
HFG\VWHURLGV LQ LQVHFWV FODVVLFDOO\ LQYROYH HLWKHU
FRQMXJDWLRQ RI VHFRQGDU\ DOFRKRO IXQFWLRQV  
RUDQG 2+ RU HSLPHUL]DWLRQ RI WKH 2+
/DIRQW 5 HW DO 5HHV ++  ,Q *LOEHUW /,
,DWURX . *LOO 6 HGLWRUV &RPSUHKHQVLYH
0ROHFXODU ,QVHFW 6FLHQFH (OVHYLHU 9RO 
± 7KH DOUHDG\ GHVFULEHG FRQMXJDWLRQ
UHDFWLRQV LQFOXGH WKH IRUPDWLRQ RI SRODU
SKRVSKDWHV HJ LQ ORFXVWV DQG SRVVLEO\
VXOIDWHV VRPH 'LSWHUD RU RI DSRODU DFHWDWHV
/RFXVWD 6FKLVWRFHUFD RU DF\O HVWHUV HJ
YDULRXV ODUYDH RI /HSLGRSWHUD+HOLRWKLV
6SRGRSWHUD  KRXVH FULFNHWV*U\OOXV
(SLHFG\VWHURLGV KDYH HVVHQWLDOO\ EHHQ GHVFULEHG
LQ /HSLGRSWHUD 0DQGXFD 3LHULV 7KH SUHVHQW
ZRUN KDV LQYHVWLJDWHG WKH PHWDEROLF SDWKZD\V RI
LQJHVWHG K\GUR[\HFG\VRQH LQ VHYHUDO LQVHFW
VSHFLHV :H ZLOO GHVFULEH KHUH GDWD REWDLQHG ZLWK
WKH DSKLG 0\]XV SHUVLFDH DQG WKH OHSLGRSWHUDQ
3ORGLD LQWHUSXQFWHOOD 7KH IRUPHU SURGXFHV
PDLQO\ D JOXFRVLGH FRQMXJDWH ZKHUHDV WKH
ODWWHU HOLPLQDWHV D PL[WXUH RI ( DQG LWV
R[RGHULYDWLYH ERWK LQ IUHH IRUP DQG DV
FRQMXJDWHV ZLWK YDULRXV IDWW\ DFLGV $OWKRXJK
HFG\VWHURLG JOXFRVLGH IRUPDWLRQ LQ LQVHFWV ZDV
HDUO\ GHVFULEHG LQ &DOOLSKRUD +HLQULFK *
+RIIPHLVWHU +  = 1DWXUIRUVFK % 
± JO\FRVLGHV ZHUH WKHQ RQO\ LVRODWHG IURP
0DQGXFD VH[WD HJJV 7KRPSVRQ 0- HW DO 
$UFK ,QVHFW %LRFKHP 3K\VLRO  ± RU DV WKH
SURGXFWV RI DQ LQDFWLYDWLRQ UHDFWLRQ SHUIRUPHG E\
EDFXORYLUXVHV 2¶5HLOO\ '5 HW DO  ,QVHFW
%LRFKHP  ± 7KH VLPXOWDQHRXV
IRUPDWLRQ RI R[R HFG\VWHURLGV DQG RI DF\O HVWHUV
KDV QRW EHHQ UHSRUWHG EHIRUH 7KHVH GDWD SRLQW
RXW WKH JUHDW GLYHUVLW\ RI GHWR[LILFDWLRQ
PHFKDQLVPV XVHG E\ SK\WRSKDJRXV LQVHFWV LQ





XOWUDVWUXFWXUH RI WKH PLGJXW
HSLWKHOLDO FHOOV RI Plodia
interpunctella
5KDUUDEH.*KDLODQL16D\DK)
)DFXOWp GHV 6FLHQFHV HW 7HFKQLTXHV &((0
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH /DERUDWRLUH GH %LRORJLH $SSOLTXpH 	 6FLHQFHV GH
O¶(QYLURQQHPHQW%37DQJHU0DURF
8QLYHUVLWp 3LHUUH HW 0DULH &XULH /DERUDWRLUH
3URWpLQHV %LRFKLPLH 6WUXFWXUDOH HW )RQFWLRQQHOOH





( WR VRPH LQVHFW VSHFLHV KDV EHHQ UHSRUWHG WR
LQGXFH PDUNHG GHYHORSPHQWDO GLVUXSWLRQ .XER ,
HW DO  $JULF %LRO &KHP  ±
7DQDND < 7DNHGD 6  - ,QVHFW 3K\VLRO 
± &HUWDLQ RWKHU LQVHFWV KRZHYHU DUH
DEOH WR WROHUDWH K\GUR[\HFG\VRQH RU HFG\VRQH
ZLWKRXW DQ\ DGYHUVH HIIHFWV RQ JURZWK DQG
GHYHORSPHQW %ODFNIRUG 0 HW DO  - ,QVHFW
3K\VLRO  ± %ODFNIRUG 0 'LQDQ /
 ,QVHFW %LRFKHP 0ROHF %LRO ±
7KH DLP RI WKLV VWXG\ ZDV WR GHWHUPLQH WKH HIIHFWV
RI LQJHVWHG K\GUR[\HFG\VRQH RQ WKH IRXUWK
LQVWDU ODUYDH RI WKH SK\WRSKDJRXV SHVW 3ORGLD
LQWHUSXQFWHOOD /HSLGRSWHUD 3\UDOLGDH :KHQ
LQFRUSRUDWHG LQWR WKH GLHW DW GLIIHUHQW GRVHV (
GLVUXSWV LQVHFW GHYHORSPHQW E\ LQGXFLQJ
SUHFRFLRXV SXSDWLRQ DQG DGXOW HPHUJHQFH LQ D
GHSHQGHQW PDQQHU ,Q DGGLWLRQ LW FDXVHG
FDQQLEDOLVP EHWZHHQ ODUYDH ZHLJKW ORVV DQG D
VLJQLILFDQW PRUWDOLW\ RI ODUYDH ( SURYRNHG DOVR
D UHGXFWLRQ LQ SURWHLQ DQG JO\FRJHQ FRQWHQWV DQG
D GHFUHDVH RI ƠDP\ODVH DFWLYLW\ 8VLQJ HOHFWURQ
PLFURVFRS\ ZH VKRZHG WKDW ( LQGXFHG D VHYHUH
F\WRWR[LFLW\ RQ WKH HSLWKHOLDO FHOOV RI WKH PLGJXW
&HOOV H[KLELWHG PDUNHG YDFXROL]DWLRQ RI WKH
F\WRSODVP WKDW HQFORVHG QXPHURXV PXOWLYHVLFXODU
ERGLHV FRUUHVSRQGLQJ WR W\SLFDO DXWRSKDJLF
YHVLFOHV FKDUDFWHUL]HG E\ WKHLU FRQWHQW RI PRUH RU
OHVV GHJUDGHG RUJDQHOOHV 2WKHU SURPLQHQW
IHDWXUHV ZHUH WKH RFFXUUHQFH RI S\FQRWLF QXFOHL
DQG IUDJPHQWHG URXJK HQGRSODVPLF UHWLFXOXP
FLVWHUQDH WKH DSSHDUDQFH RI VSKHURFU\VWDO
VWUXFWXUHV ZLWK FRQFHQWULF OD\HUV WKH GLVUXSWLRQ
RI PLFURYLOOL DQG WKH UXSWXUH RI WKH SODVPD
PHPEUDQH OHDGLQJ WR WKH VKHGGLQJ RI F\WRSODVP
FRQWHQWV LQWR WKH JXW OXPHQ 7KHVH GHVFULEHG
XOWUDVWUXFWXUDO IHDWXUHV WULJJHUHG E\
K\GUR[\HG\VRQH LQ PLGJXW HSLWKHOLDO FHOOV RI
3ORGLD LQWHUSXQFWHOOD ODUYDH DUH VLPLODU WR WKRVH
REVHUYHG LQ DSRSWRWLF SURFHVVHV LQ SURJUDPPHG
FHOO GHDWK RU DW RQVHW RI PHWDPRUSKRVLV .RPXYHV
/ HW DO  &HOO 7LVVXH 5HV  ± /HH
&<HWDO'HY%LRO±
/LJDQG ELQGLQJ DQG OLJDQG
LQGXFHG FKDQJHV RI HG\VRQH
UHFHSWRULVRIRUPV
5XII + $]RLWHL $ %UDXQ  %HDWW\ - +HQULFK
9&DQG6SLQGOHU%DUWK0
'HSDUWPHQW RI *HQHUDO =RRORJ\ DQG
(QGRFULQRORJ\8QLYHUVLW\RI8OP*HUPDQ\
,QVWLWXWH IRU +HDOWK 6FLHQFH DQG 6RFLHW\ 





7KH PLQLPDO DPLQR DFLG VHTXHQFH FDSDEOH RI
OLJDQG ELQGLQJ HQFRPSDVVHV WKH & WHUPLQDO SDUW
RI WKH 'GRPDLQ DQG WKH (GRPDLQ RI 'URVRSKLOD
HFG\VWHURLG UHFHSWRU (F5 *UHEH 0 HW DO 
%LRO &KHP  ± 7KH LQIOXHQFH RI
LQWUDFHOOXODU LQWHUDFWLRQV EHWZHHQ UHFHSWRU
GRPDLQV RI (F5 DQG WKH LQWHUPROHFXODU LQIOXHQFH
RI 8OWUDVSLUDFOH 8VS GRPDLQV RQ OLJDQG ELQGLQJ
ZHUH H[DPLQHG 7KH LQWHUDFWLRQ ZLWK HFUH¶V ZDV
VWXGLHG E\ (06$ 7KH UHVXOWV VKRZ WKDW '1$
ELQGLQJ YDULHV EHWZHHQ (F5 LVRIRUPV DQG LV
PRGLILHG LQ D FRPSOH[ PDQQHU E\
KHWHURGLPHUL]DWLRQ DQG KRUPRQH WUHDWPHQW
7UDQVDFWLYDWLRQ SRWHQF\ YDULHV QRW LQ SDUDOOHO WR
'1$ ELQGLQJ EXW VHHPV WR EH UHJXODWHG
VHSDUDWHO\ 7KH FRPSDULVRQ RI UHFHSWRU LVRIRUP
DFWLYLW\ UHTXLUHV FDUHIXO GHWHUPLQDWLRQ RI WKH
UHFHSWRU FRQFHQWUDWLRQ 'LIIHUHQW PHWKRGV RI
QRUPDOL]DWLRQ RQ UHFHSWRU FRQWHQW DUH FRPSDUHG
7KH LQIOXHQFH RI FRPRGXODWRUV DQG FHOO F\FOH RQ
UHFHSWRUDFWLYLW\LVGLVFXVVHG
0ROHFXODU PHFKDQLVPV RI WKH
FHOOXODU FRQWURO E\
HFG\VWHURLGV DQG -+ LQ D
Plodia interpunctella FHOOOLQH
6LDXVVDW'%R]]RODQ)3RUFKHURQ3'HEHUQDUG6
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7KH SURFHVV RI JURZWK DQG FHOOXODU GLIIHUHQWLDWLRQ
DUH XQGHU FRQWURO RI K\GUR[\HFG\VRQH (
DQG MXYHQLOH KRUPRQH -+ GXULQJ WKH
SRVWHPEU\RQLF GHYHORSPHQW RI WKH /HSLGRSWHUDQ
7KH ( LQGXFHV WKH SURFHVVHV RI PROW ZKHUHDV
-+ FRQGXFWHG E\ LWV SUHVHQFH WR D ODUYDO PROW
DQG E\ LWV DEVHQFH WR D Q\PSKDO RU DGXOW PROW
5HVXOWV SXW LQ HYLGHQFH D FRQWURO RI WKH FHOO F\FOH
E\ WKHVH KRUPRQHV $W WKH EHJLQQLQJ RI WKH ODVW
ODUYDO LQVWDU WKH LPDJLQDO ZLQJ GLVNV DUH OHVV
VHQVLWLYH WR -+ DQG DFFHOHUDWH WKHLU JURZWK XQGHU
WKH ( FRQWURO $W WKH HQG RI VWDJH WKH LQFUHDVH
LQ WKH ( KHPRO\PSKDWLFV FRQFHQWUDWLRQV HQWDLOV
DQ DUUHVW RI SUROLIHUDWLRQ DQG FHOOXODU
GLIIHUHQWLDWLRQ SUHFHGLQJ WKH SURFHVV RI
PHWDPRUSKRVLV 7KH ,$/3,' FHOO OLQH RI WKH
LPDJLQDO ZLQJ GLVNV RI WKH ODVW ODUYDO LQVWDU RI
3ORGLD LQWHUSXQFWHOOD LGHQWLFDO\ UHVSRQG WR D (
SK\VLRORJLFDO WUHDWPHQW E\ D EORFNLQJ LQ *0
:H XQGHUWRRN WR LGHQWLI\ WKH PROHFXODU
PHFKDQLVPV LQYROYHG LQ WKH UHFHSWLRQ DQG
LQWHJUDWLRQ RI WKH KRUPRQDO VLJQDO OHDGLQJ WR WKLV
SUROLIHUDWLYH DUUHVW WKHQ FHOOXODU GLIIHUHQWLDWLRQ
DQG WKH SRVVLEOH PRGXODWLRQV RI WKHVH HYHQWV E\
WKH -+ 7KH WHPSRUDO RUJDQL]DWLRQ RI WKH
PROHFXODU DFWRUV RI WKH ( FDVFDGH EHJLQV ZLWK
WKH LQGXFWLRQ RI 3L(F5% P51$ ( UHFHSWRU
+RUPRQDO UHVSRQVH LV IROORZHG E\ D KLJK
LQGXFWLRQ RI WKH HDUO\ JHQH 3L(% WKHQ RI
HDUO\ODWH JHQH 3+5 $ ( WUHDWPHQW RI WKH
FHOOV GXULQJ D ZLQGRZ RI VHQVLWLYLW\ ORFDWHG LQ WKH
6* WUDQVLWLRQ HQWDLOV D GHFUHDVH RI H[SUHVVLRQ RI
3ORGLD F\FOLQH % LPSOLFDWHG LQ WKH PLWRVLV FRQWURO
DQG WKH DUUHVW RI WKH FHOOV LQ *0 7KH LQKLELWLRQ
RI WKH 3L(F5% P51$ E\ WKH 51$ LQWHUIHUHQFH
PHWKRG GLVUXSWV WKH (¶V FDVFDGH DOORZV WKH
PDLQWHQDQFH RI H[SUHVVLRQ RI WKH F\FOLQ % DQG
SUHYHQWV WKH SUROLIHUDWLYH DUUHVW ,Q WKLV PRGHO
WKH -+ LQKLELWV WKH DQWLSUROLIHUDWLYH HIIHFWV RI
( DQG ZRXOG EH VXVFHSWLEOH WR PDLQWDLQ WKH
JURZWKRILPDJLQDOFHOOV
7KH HIIHFW RI WKH
DQWLHFG\VWHURLGDO IXQJLFLGH
IHQDULPRO RQ WKH FUXVWDFHDQ
Daphnia magna XVLQJ D
PROWLQJ OLIHVWDJH DQG HQHUJ\
UHODWHGPLFURDUUD\
6RHWDHUW $  9DQGHQEURXFN 7  YDQ 5HPRUWHO 3
'H&RHQ:0 
/DERUDWRU\ IRU (FRSK\VLRORJ\ %LRFKHPLVWU\ DQG
7R[LFRORJ\ 'HSDUWPHQW RI %LRORJ\ 8QLYHUVLW\ RI
$QWZHUS%HOJLXP
,QWHOOLJHQW 6\VWHP /DE 'HSDUWPHQW RI




,Q WKH SUHVHQW VWXG\ D PROWLQJ UHODWHG F'1$
OLEUDU\ IRU WKH FUXVWDFHDQ 'DSKQLD PDJQD ZDV
FRQVWUXFWHG $V WKHUH LV VWLOO OLWWOH JHQRPH
LQIRUPDWLRQ RQ 'DSKQLD PDJQD DYDLODEOH WKH
VXSSUHVVLRQ VXEWUDFWLYH K\EULGL]DWLRQ 66+
PHWKRG ZDV XVHG WR LVRODWH PROWLQJ UHODWHG JHQHV
7KLV 3&5 EDVHG PHWKRG DOORZV WKH VHOHFWLYH
DPSOLILFDWLRQ RI JHQHV GLIIHUHQWLDOO\ H[SUHVVHG
EHWZHHQ WZR 51$ SRSXODWLRQV 'DSKQLGV ZHUH
H[SRVHG WR WKH PROWLQJ KRUPRQH
K\GUR[\HFG\VRQH DQG SRROHG 51$ IURP
UHVSHFWLYHO\ WKH H[SRVHG YHUVXV FRQWURO MXYHQLOHV
ZDV XVHG WR SHUIRUP DQ 66+ $ WRWDO RI  FORQHV
ZHUH SLFNHG DQG D VHOHFWLRQ RI  IUDJPHQWV ZDV
VHTXHQFHG DQG VXEMHFWHG WR EODVW KRPRORJ\
)UDJPHQWV EHORQJLQJ WR GLIIHUHQW SDWKZD\V VXFK
DV FXWLFOHFKLWLQ PHWDEROLVP SURWHRO\WLF HQ]\PHV
DQG GHYHORSPHQW ZHUH SUHVHQW 0RUHRYHU DW WKH
RUJDQLVPDO OHYHO PROWLQJ RI WKH H[SRVHG GDSKQLGV
ZDV VLJQLILFDQW GLIIHUHQW IURP WKH FRQWUROV DIWHU
K ZKLFK ZDV FRPSDUDEOH ZLWK WKH HIIHFW RQ
PROWLQJ IRXQG E\ %RGDU  DW WKH VDPH
FRQFHQWUDWLRQV 7KH PROWLQJ UHODWHG JHQHV 
WRJHWKHU ZLWK OLIHVWDJH DQG HQHUJ\ PHWDEROLVP
UHODWHG JHQHV  ZHUH DSSOLHG RQ D JODVV VOLGH IRU
WKH FRQVWUXFWLRQ RI D 'DSKQLD PDJQD PLFURDUUD\
,Q RUGHU WR HYDOXDWH WKH XVHIXOQHVV RI WKLV FXVWRP
PLFURDUUD\ IRU WR[LFDQW FKDUDFWHUL]DWLRQ JHQH
H[SUHVVLRQ SURILOHV ZHUH JHQHUDWHG IURP QHRQDWHV
H[SRVHG GXULQJ K DQG K WR WKUHH
FRQFHQWUDWLRQV RI WKH DQWLHFG\VWHURLGDO IXQJLFLGH
IHQDULPRO   ƫJPO ,Q WRWDO 
QRQUHGXQGDQW JHQHV ZHUH GLIIHUHQWLDOO\
H[SUHVVHG RI ZKLFK PRUH JHQHV ZHUH GRZQ WKDQ
XSUHJXODWHG 7KH JHQH H[SUHVVLRQ GDWD LQGLFDWHG
PDLQO\ DQ HIIHFW RQ PROWLQJ VSHFLILF SDWKZD\V $
VHW RI SURWHRO\WLF HQ]\PHV  LQFOXGLQJ GLIIHUHQW
VHULQH SURWHDVHV DQG FDUER[\SHSWLGDVHV  ZHUH
LQGXFHG ZKHUHDV GLIIHUHQW FXWLFXOD SURWHLQV ZHUH
GRZQUHJXODWHG K ƫJPO 0RUHRYHU HPEU\R
GHYHORSPHQWDO HIIHFWV ZHUH QRW RQO\
GHPRQVWUDWHG RQ WKH JHQH H[SUHVVLRQ OHYHO EXW
DOVR RQ WKH RUJDQLVPDO OHYHO 7ZR HPEU\R
GHYHORSPHQW UHODWHG JHQHV LH YLWHOORJHQLQ DQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH KRPHRER[ ;YHQW ZHUH GLIIHUHQWLDOO\
H[SUHVVHG DIWHU K RI H[SRVXUH IROORZHG E\ D
VLJQLILFDQW LQFUHDVH LQ HPEU\R DEQRUPDOLWLHV LQ
WKH RIIVSULQJ 7KHVH UHVXOWV VXJJHVW WKDW WKLV
'DSKQLD PDJQD PLFURDUUD\ LV RI JUHDW IXUWKHU
YDOXH IRU WKH HOXFLGDWLRQ RI PROHFXODU
PHFKDQLVPV RI WR[LFLW\ DQG IRU WKH IXWXUH
GHYHORSPHQW RI VSHFLILF ELRPDUNHUV IRU KD]DUG
FKDUDFWHUL]DWLRQ 7KLV SURMHFW ZDV IXQGHG E\ WKH
,:7DQGWKH(8SURMHFW1R0LUDFOH
7KH HIIHFW RI WKUHH FRPPHUFLDO
HFG\VRQH DJRQLVWV RQ WKH
PRXOWLQJ RI WKH P\VLG VKULPS
Neomysis integer
6RLQ 7 *KHNLHUH $ -DQVVHQ &5 9HUVO\FNH
76PDJJKH*
'HSDUWPHQW RI &URS 3URWHFWLRQ )DFXOW\ RI
%LRVFLHQFH (QJLQHHULQJ *KHQW 8QLYHUVLW\ *KHQW
%HOJLXP
/DERUDWURU\ IRU (QYLURQPHQWDO 7R[LFRORJ\
'HSDUWPHQW RI $SSOLHG (FRORJ\ DQG
(QYLURQPHQWDO %LRORJ\ )DFXOW\ RI %LRVFLHQFH
(QJLQHHULQJ*KHQW8QLYHUVLW\*KHQW%HOJLXP








'XULQJ WKH SDVW GHFDGH D ODUJH QXPEHU RI VWXGLHV
KDYH UHSRUWHG LQWHUDFWLRQV RI VRPH HQYLURQPHQWDO
FRQWDPLQDQWV ZLWK WKH GHYHORSPHQW DQG
IXQFWLRQLQJ RI HQGRFULQH V\VWHPV LQ DQLPDOV DQG
KXPDQV ,QYHUWHEUDWHV DFFRXQW IRU URXJKO\  RI
DOO DQLPDOV \HW LQ FRPSDULVRQ ZLWK YHUWHEUDWHV
YHU\ OLWWOH LV NQRZQ DERXW WKHLU HQGRFULQRORJ\ DQG
WKH SRVVLEOH HIIHFWV RI WKHVH HQGRFULQH GLVUXSWLQJ
VXEVWDQFHV 0\VLG VKULPSV PD\ VHUYH DV D YLDEOH
VXUURJDWH IRU PDQ\ FUXVWDFHDQV DQG KDYH EHHQ
SURSRVHG DV VXLWDEOH WHVW RUJDQLVPV IRU HYDOXDWLRQ
RI HQGRFULQH GLVUXSWLRQ E\ VHYHUDO UHVHDUFKHUV
DQG UHJXODWRU\ ERGLHV HJ WKH 86
(QYLURQPHQWDO 3URWHFWLRQ $JHQF\ 'HVSLWH WKH
ORQJVWDQGLQJ XVH RI P\VLGV LQ HFRWR[LFLW\ WHVWLQJ
OLWWOH LQIRUPDWLRQ H[LVWV RQ WKHLU HQGRFULQRORJ\ ,Q
WKLV SURMHFW WKH DFXWH WR[LFLW\ DQG VXEOHWKDO
HIIHFWV RI WKUHH QRQVWHURLGDO HFG\VRQH DJRQLVWV LQ
WKH HVWXDULQH P\VLG 1HRP\VLV LQWHJHU ZHUH
LQYHVWLJDWHG 7KH WHVWHG HFG\VRQH DJRQLVWV DUH




PROHFXODU FORQLQJ RI D QRYHO
HQ]\PHHFG\VWHURLGNLQDVH
6RQREH + 2KLUD 7, H N L.  $MLPXUD 00LWD.
:LOGHU01
'HSDUWPHQW RI %LRORJ\ .RQDQ 8QLYHUVLW\ .REH
-DSDQ
-DSDQ ,QWHUQDWLRQDO 5HVHDUFK &HQWHU IRU
$JULFXOWXUDO6FLHQFHV7VXNXED-DSDQ
*HQRPH 5HVHDUFK 'HSDUWPHQW 1DWLRQDO




$OWKRXJK JOXFRVLGHV IDWW\ DF\O HVWHUV DQG VXOIDWH
HVWHUV RI HFG\VWHURLGV DUH GHWHFWHG DV PLQRU
SURGXFWV RI SKDVH ,, UHDFWLRQ LQ VHYHUDO LQVHFW
VSHFLHV WKH PDMRU SURGXFWV RI WKH SKDVH ,,
UHDFWLRQ LQ PRVW LQVHFW VSHFLHV DUH SKRVSKDWH
HVWHUV 7KH RYDULHV RI PRVW LQVHFW VSHFLHV KDYH WKH
FDSDFLW\ WR DFFXPXODWH HFG\VWHURLG SKRVSKDWHV
ZKLFK DUH SK\VLRORJLFDOO\ LQDFWLYH 0DNND 7 HW DO
 $UFK ,QVHFW %LRFKHP 3K\VLRO ±
LQ DGGLWLRQ WR WKH FDSDFLW\ WR V\QWKHVL]H IUHH
HFG\VWHURLGV GH QRYR ,W KDV EHHQ VXJJHVWHG WKDW
WKH HFG\VWUHRLG SKRVSKDWHV WKDW DUH DFFXPXODWHG
LQ WKH RYDULHV DUH WUDQVIHUUHG WR WKH HJJV DQG
IXQFWLRQ DV D VRXUFH RI IUHH DFWLYH HFG\VWHURLG
EHIRUH WKH SURWKRUDFLF JODQGV GLIIHUHQWLDWH GXULQJ
HPEU\RQLF GHYHORSPHQW 5HFHQWO\ LQ % PRUL
HJJV D QRYHO HQ]\PH HFG\VWHURLGSKRVSKDWH
SKRVSKDWDVH (33DVH ZKLFK LV VSHFLILFDOO\
LQYROYHG LQ GHSKRVSKRU\ODWLRQ RI HFG\VWHURLG
SKRVSKDWHV ZDV LVRODWHG FKDUDFWHUL]HG DQG
UHYHDOHG WR EH D YLWDO HQ]\PH WKDW PD\ FRQWURO WKH
³RQRII VZLWFK´ RI HPEU\RQLF GHYHORSPHQW
<DPDGD 5 6RQREH +  - %LRO &KHP 
± ,Q WKLV VWXG\ HFG\VWHURLG
NLQDVH (F.LQDVH ZDV SXULILHG IURP WKH
F\WRVRO RI WKH VLONZRUP %RPE\[ PRUL RYDULHV WR
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DERXWIROG KRPRJHQHLW\ LQ VL[ VWHSV RI
FROXPQ FKURPDWRJUDSK\ DQG WKH ELRFKHPLFDOO\
FKDUDFWHUL]HG 5HVXOWV REWDLQHG LQGLFDWHG WKDW WKH
UHFLSURFDO FRQYHUVLRQ RI IUHH HFG\VWHURLGV DQG
HFG\VWHURLG SKRVSKDWHV E\ WZR HQ]\PHV
(F.LQDVH DQG (33DVH SOD\V DQ LPSRUWDQW UROH LQ
HFG\VWHURLG HFRQRP\ RI WKH RYDU\HJJ V\VWHP RI %
PRUL 2Q WKH EDVLV RI WKH SDUWLDO DPLQR DFLG
VHTXHQFH REWDLQHG IURP SXULILHG (F.LQDVH WKH
QXFOHRWLGH VHTXHQFH RI WKH F'1$ HQFRGLQJ
(F.LQDVH ZDV GHWHUPLQHG IURP DQ H[SUHVVLRQ
VHTXHQFH WDJ (67 FORQH SUHSDUHG IURP % PRUL
HJJV 7KH IXOOOHQJWK F'1$ RI (F.LQDVH ZDV
FRPSRVHG RI  ES ZLWK DQ RSHQ UHDGLQJ IUDPH
HQFRGLQJ D SURWHLQ RI  DPLQR DFLG UHVLGXHV $
GDWDEDVH VHDUFK VKRZHG WKDW (F.LQDVH KDV DQ
DPLQR DFLG VHTXHQFH FKDUDFWHULVWLF RI
SKRVSKRWUDQVIHUDVHV VXFK DV KDUERULQJ %UHQQHU¶V
PRWLI DQG SXWDWLYH $73 ELQGLQJ VLWHV EXW WKHUH
DUH QR IXQFWLRQDO SURWHLQV WKDW VKDUH KLJK LGHQWLW\
ZLWKWKHDPLQRDFLGVHTXHQFHRI(F.LQDVH
(F5 JHQH VZLWFKHV IRU
UHJXODWHG H[SUHVVLRQ RI
WUDQVJHQHVLQSODQWV
7DYYD 96  3DOOL 65 'LQNLQV 5'  &ROOLQV
*%
3ODQW DQG 6RLO 6FLHQFHV 'HSDUWPHQW





*HQHWLF HQJLQHHULQJ RI SODQWV WKURXJK WUDQVJHQH
WHFKQRORJ\ LV EHLQJ XVHG WR HQKDQFH DJURQRPLF
SHUIRUPDQFH RU LPSURYH TXDOLW\ WUDLWV LQ D ZLGH
YDULHW\ RI SODQW VSHFLHV DQG KDV EHFRPH D
IXQGDPHQWDO WRRO IRU EDVLF UHVHDUFK LQ SODQW
ELRWHFKQRORJ\ &RQVWLWXWLYH SURPRWHUV DUH
SUHVHQWO\ WKH SULPDU\ PHDQV XVHG WR H[SUHVV
WUDQVJHQHV LQ SODQWV 0HWDEROLF HQHUJ\ ZDVWH
QHJDWLYH SOHLRWURSLF HIIHFWV DQG SRWHQWLDO JHQH
HVFDSH DUH VRPH RI WKH GLVDGYDQWDJHV DVVRFLDWHG
ZLWK WKH XVH RI FRQVWLWXWLYH SURPRWHUV ,QGXFLEOH
JHQH UHJXODWLRQ V\VWHPV EDVHG RQ VSHFLILF
FKHPLFDOV KDYH PDQ\ SRWHQWLDO DSSOLFDWLRQV LQ
DJULFXOWXUH DQG LQ WKH EDVLF XQGHUVWDQGLQJ RI JHQH
IXQFWLRQ $V D UHVXOW VHYHUDO JHQH VZLWFKHV KDYH
EHHQ GHYHORSHG +RZHYHU WKH SURSHUWLHV RI WKH
FKHPLFDOV XVHG LQ WKHVH VZLWFKHV PDNH WKHLU XVH
OLPLWHG WR UHVHDUFK SXUSRVHV $Q HFG\VRQH
UHFHSWRU JHQH VZLWFK LV RQH RI WKH EHVW LQGXFLEOH
JHQH UHJXODWLRQ V\VWHPV DYDLODEOH EHFDXVH WKH
FKHPLFDO PHWKR[\IHQR]LGH UHTXLUHG IRU LWV
UHJXODWLRQ LV UHJLVWHUHG IRU ILHOG XVH $Q (F5 JHQH
VZLWFK ZLWK D SRWHQWLDO IRU XVH LQ ODUJHVFDOH ILHOG
DSSOLFDWLRQV DQG LWV DSSOLFDELOLW\ WR D YDULHW\ RI
SODQW VSHFLHV KDV EHHQ GHYHORSHG E\ DGRSWLQJ D
WZRK\EULG IRUPDW ,Q D WZRK\EULG VZLWFK IRUPDW
WKH *$/ '1$ ELQGLQJ GRPDLQ *$/ '%' ZDV
IXVHG WR WKH OLJDQG ELQGLQJ GRPDLQ /%' RI WKH
&KRULVWRQHXUD IXPLIHUDQD HFG\VRQH UHFHSWRU
&I(F5 DQG WKH 93 DFWLYDWLRQ GRPDLQ 93
$' ZDV IXVHG WR /%' RI /RFXVW PLJUDWRULD
UHWLQRLG [ UHFHSWRU /P5;5 RU +RPR VDSLHQV
UHWLQRLG [ UHFHSWRU +V5;5 8SRQ DSSOLFDWLRQ RI
PHWKR[\IHQR]LGH WKH KHWHURGLPHU RI WKHVH WZR
IXVLRQ SURWHLQV WUDQVDFWLYDWHV WKH OXFLIHUDVH
UHSRUWHU JHQH SODFHG XQGHU WKH FRQWURO RI PXOWLSOH
FRSLHV RI FLV DFWLQJ HOHPHQWV DQG D PLQLPDO 6
SURPRWHU 7KH VHQVLWLYLW\ RI WKH &I(F5 JHQH
VZLWFK ZDV LPSURYHG IURP PLFURPRODU WR
QDQRPRODU FRQFHQWUDWLRQV RI OLJDQG E\ XVLQJ WKH
&I(F5/P5;5 WZRK\EULG FRPELQDWLRQ DQG D
UHGXFWLRQ LQ WKH EDFNJURXQG H[SUHVVLRQ OHYHOV ZDV
DFKLHYHG E\ XVLQJ WKH &I(F5+V5;5 WZRK\EULG
FRPELQDWLRQ 7KH SHUIRUPDQFH RI (F5 JHQH
VZLWFK ZDV LPSURYHG IXUWKHU XVLQJ +V/P5;5
FKLPHUDV DQGRU &I(F5 PXWDQWV 7KH HIILFLHQF\ RI
(F5 JHQH VZLWFKHV LQ LQGXFLQJ WKH WDUJHW JHQH
H[SUHVVLRQ ZDV DOVR WHVWHG LQ IXQFWLRQDO JHQRPLF
VWXGLHV E\ UHJXODWLQJ WKH H[SUHVVLRQ RI D
6XSHUPDQOLNH VLQJOH ]LQF ILQJHU SURWHLQ 
=)3 JHQH LQ ERWK $UDELGRSVLV DQG WREDFFR
SODQWV ,Q DGGLWLRQ GHWHUPLQDWLRQ RI SOHLRWURSLF
HIIHFWV RI VZLWFK FRPSRQHQWV DQG OLJDQGV LV DOVR D
SUHUHTXLVLWH IRU ZLGHVSUHDG XVH RI WKHVH JHQH
UHJXODWLRQ V\VWHPV LQ UHVHDUFK DQG ILHOG
DSSOLFDWLRQV 7KHUHIRUH ZH KDYH DOVR FDUULHG RXW
WKH PLFURDUUD\ DQDO\VLV RI WKH JHQH VZLWFK
$UDELGRSVLV SODQWV WR GHWHUPLQH LI WKHUH DUH
SOHLRWURSLF HIIHFWV FDXVHG E\ WKH LQWURGXFWLRQ RI D
PHWKR[\IHQR]LGHLQGXFLEOH HFG\VRQH
UHFHSWRUEDVHG JHQH UHJXODWLRQ V\VWHP 7KH
GHYHORSPHQW RI D KLJKO\ VHQVLWLYH DQG WLJKWO\
UHJXODWHG (F5 JHQH VZLWFK DORQJ ZLWK RWKHU
GHVLUDEOH SURSHUWLHV VXFK DV DYDLODELOLW\ RI VDIH








,QVWLWXWH RI %LRORJ\ 5XVVLDQ $FDGHP\ RI 6FLHQFHV




7KH LQIOXHQFH RI WKH HFG\VWHURLGFRQWDLQLQJ GLHW
WKH OHDYHV RI WKH SODQW 6HUUDWXOD FRURQDWD /
$VWHUDFHDH QDWXUDO HFG\VWHURLGV PL[WXUH LVRODWHG
IURP WKLV SODQW LQGLYLGXDO HFG\VWHURLGV
K\GUR[\HFG\VRQH 6LQRNRVWHURQH DQG
HFG\VRQH RQ WKH EHKDYLRXU DQG WKH GHYHORSPHQW
RI WKH FDWHUSLOODUV RI WKUHH VSHFLHV RI
OHSLGRSWHURXV 0DPHVWUD EUDVVLFDH /
/HSLGRSWHUD 1RFWXLGDH 2VWULQLD QXELODOLV +E
/HSLGRSWHUD 3\UDOLGDH DQG 6SRGRSWHUD
OLWWRUDOLV %RLVG /HSLGRSWHUD 1RFWXLGDH DQG
DOVR RQ WKH IHFXQGLW\ RI LPDJR LV VWXGLHG ,W LV
VKRZQ WKDW LQWURGXFWLRQ RI OHDYHV RI WKH SODQW
6HUUDWXOD FRURQDWD RU SK\WRHFG\VWHURLGV LQWR WKH
DUWLILFLDO PHGLD OHDGV WR WKH PDVV PLJUDWLRQ RI WKH
ILUVW LQVWDU ODUYDH RI 0DPHVWUD EUDVVLFDH DQG
2VWULQLD QXELODOLV DQG WR WKHLU GHDWK ,Q
FRPSDULVRQ ZLWK WKH ILUVW LQVWDU ODUYDH WKH WKLUG
DQG WKLQVWDU ODUYDH RI 0DPHVWUD EUDVVLFDH DW
ILUVW LQWHQVLYHO\ IHG RQ WKH PHGLD ZLWK GLIIHUHQW
HFG\VWHURLGV FRQWHQW KRZHYHU DIWHU WKDW WKH\ KDG
UHMHFWHG IRRG ,W UHVXOWV LQ RXWEXUVW RI FDQQLEDOLVP
DQG WRWDO GHDWK RI WKH FDWHUSLOODUV &DWHUSLOODUV
UHPDLQHG IHHGLQJ RQ HFG\VWHURLG FRQWDLQLQJ GLHW
KDG IRUPHG DEQRUPDO SXSD 2QO\ VROLWDU\
HPHUJHQFH RI LPDJR ZDV REVHUYHG &DWHUSLOODUV RI
6SRGRSWHUD OLWWRUDOLV DUH WKRXJKW WR EH WROHUDQW
WRZDUGV KLJK HFG\VWHURLGV FRQFHQWUDWLRQ :H
HVWDEOLVKHG WKH IDFW WKDW SK\WRHFG\VWHURLGV LQGHHG
GR QRW KDYH DQWLIHGDQW HIIHFW EXW WKH\ FDXVHG
VLJQLILFDQW UHGXFLQJ WKH QXPEHUV RI HJJV LQ HJJ
PDVV :H DUH JUDWHIXO WR 3URI )UDQWLVHN 6HKQDO
IRU WKH SRVVLELOLW\ WR FRQGXFW WKH H[SHULPHQWV ZLWK
6SRGRSWHUD OLWWRUDOLV LQ KLV ODERUDWRU\ 7KLV
UHVHDUFK ZDV VXSSRUWHG E\ D JUDQW IURP WKH
3URJUDP RI FROODERUDWLRQ EHWZHHQ 8UDO DQG
6LEHULDQ 'LYLVLRQV RI 5XVVLDQ $FDGHP\ RI
6FLHQFHV3URMHFW1
,QKLELWRU\ HIIHFW RI WKH
HFG\VWHURLG VLJQDOLQJ E\ WKH
MXYHQLOH KRUPRQH DQDORJXHV
S\ULSUR[\IHQ NLQRSUHQH DQG
IHQR[\FDUE LQ D GLSWHUDQ 6
DQG OHSLGRSWHUDQ %P FHOO
OLQH
9DQ /RRFNH . (IURVH 5 /DEURSRXORX 9
6ZHYHUV/,DWURX.6PDJJKH*
/DERUDWRU\ RI $JUR]RRORJ\ )DFXOW\ RI %LRVFLHQFH
(QJLQHHULQJ *KHQW 8QLYHUVLW\ &RXSXUH /LQNV
*KHQW%HOJLXP
,QVWLWXWH RI %LRORJ\ 1DWLRQDO &HQWUH IRU
6FLHQWLILF 5HVHDUFK ³'HPRNULWRV´ 3 2 %R[






$W WKH PROHFXODU OHYHO WKH DFWLYLW\ RI WKH MXYHQLOH
KRUPRQH -+ DQG LWV DQDORJXHV -+$ LV QRW ZHOO
XQGHUVWRRG 7R DQDO\]H WKH SRVVLELOLW\ WKDW -+,,,
DQG -+$ FDQ LQWHUDFW ZLWK WKH HFG\VRQH UHFHSWRU
(F5 D FHOOEDVHG UHSRUWHU DVVD\ ZDV GHYHORSHG
FRQWDLQLQJ DQ HFG\VRQHGHSHQGHQW UHSRUWHU
FRQVWUXFW LQ GLSWHUDQ 6 DQG OHSLGRSWHUDQ
%P FHOOV UHVSHFWLYHO\ 7HVWV WR DQDO\]H WKH
UHVSRQVLYHQHVV RI WKH UHSRUWHU FRQVWUXFW E\ -+,,,
DQG -+$ VKRZHG QR DJRQLVWLF DFWLYLW\ 2Q WKH
FRQWUDU\ WKH UHVSRQVLYHQHVV RI WKH UHSRUWHU
FRQVWUXFW E\ (  Q0 ZDV VLJQLILFDQWO\
UHGXFHG LQ DGGLWLRQ RI WKH -+$V S\ULSUR[LIHQ
NLQRSUHQH DQG IHQR[\FDUE ,Q %P FHOOV
IHQR[\FDUE NLQRSUHQH DQG S\ULSUR[LIHQ UHDFKHG
,& YDOXHV RI  ï  ïDQG  ï0
UHVSHFWLYHO\ ZKHUHDV WKH ,& YDOXHV RI WKH -+$
LQ 6 FHOOV DPRXQWHG  ï  ïDQG 
ï0 UHVSHFWLYHO\ $GGLWLRQDOO\ ERWK FHOO OLQHV
ZHUH WHVWHG RQ FHOO WR[LFLW\ FDXVHG E\ WKH -+$
%P FHOOV VKRZHG QR FHOO WR[LFLW\ LQ DGGLWLRQ RI
NLQRSUHQH ZKHUHDV IHQR[\FDUE DQG S\ULSUR[LIHQ
ZHUH WR[LF ZKHQ DGGLQJ ï±ïDQG ï0
UHVSHFWLYHO\ ,Q 6 FHOOV RQO\ ï0 RI WKH -+$V
FDXVHG FHOO WR[LFLW\ 7KHVH UHVXOWV VXJJHVW WKDW
-+$ LQ ERWK %P DQG 6 FHOOV FDQ LQWHUIHUH LQ WKH
HFG\VWHURLG UHVSRQVH 7DNLQJ LQWR DFFRXQW ERWK
UHVSRQVLYHQHVV DQG FHOO WR[LFLW\ NLQRSUHQH
IROORZHG E\ S\ULSUR[LIHQ VKRZHG WKH KLJKHVW
LQKLELWRU\ HIIHFW LQ WKH HFG\VWHURLG VLJQDO RI %P
FHOOV )HQR[\FDUE VKRZHG QR VSHFLILF HFG\VWHURLG
LQKLELWRU\ DFWLYLW\ LQ WKLV FHOO OLQH RZLQJ WR LWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH JHQHUDO WR[LFLW\ &RQFHUQLQJ 6 FHOOV IHQR[\FDUE
NLQRSUHQH DQG S\ULSUR[\IHQ VKRZHG LQ RUGHU RI








9DQ /RRFNH . *HHOHQ ' 6ZHYHUV / ,DWURX
.6PDJJKH*
/DERUDWRU\ RI $JUR]RRORJ\ DQG 'HSDUWPHQW RI
3ODQW 3URGXFWLRQ )DFXOW\ RI %LRVFLHQFH
(QJLQHHULQJ *KHQW 8QLYHUVLW\ &RXSXUH /LQNV
*KHQW%HOJLXP
,QVWLWXWH RI %LRORJ\ 1DWLRQDO &HQWUH IRU
6FLHQWLILF 5HVHDUFK ³'HPRNULWRV´ 3 2 %R[






6DSRQLQV DUH D JURXS RI VWHURLGDO RU WULWHUSHQRLGDO
VHFRQGDU\ SODQW PHWDEROLWHV WKDW KDYH GLYHUJHQW
ELRORJLFDO DFWLYLWLHV %HFDXVH WKH\ DUH VWUXFWXUDOO\
UHPLQLVFHQW WR VWHURLGV WKDW DFWLYDWH WKH PROWLQJ
SURFHVV LQ LQVHFWV ZH LQYHVWLJDWHG VDSRQLQ
WR[LFLW\ DJDLQVW LQVHFWV +HUH ZH DQDO\VHG WKH
LPSDFW RI VDSRQLQ RQ WKH JURZWK RI ODUYDH RI WKH
FRWWRQ OHDIZRUP 6SRGRSWHUD OLWWRUDOLV $IWHU 
GD\V LQ YLYR IHHGLQJ ODUYDH VKRZHG  WR 
PRUWDOLW\ DW GRVHV UDQJLQJ IURP  WR  $
GRVHGHSHQGHQW GHYHORSPHQWDO DUUHVW RI WKLUG
LQVWDU ODUYDH RI 6 OLWWRUDOLV ZHUH DOVR REVHUYHG
SRLQWLQJ WR WKH SRVVLELOLW\ WKDW VDSRQLQV LQWHUIHUH
ZLWK PROWLQJ 7KHUHIRUH ZH LQYHVWLJDWHG WKH
UHVSRQVLYHQHVV RI WKH PROWLQJ UHFHSWRU XVLQJ WKH
HFG\VWHURLG UHFHSWRU (F5 UHSRUWHU V\VWHP LQ
'URVRSKLOD 6 DQG %RPE\[ %P FHOOV
$SSOLFDWLRQ RI VDSRQLQV WR WKHVH FHOOV
VLJQLILFDQWO\ UHGXFHG WKH LQGXFLEOH H[SUHVVLRQ RI
WKH (F5 UHSRUWHU K\GUR[\HFG\VRQH ( DQG
SRQDVWHURQH$ SRQ$ PHGLDWHG LQGXFWLRQ ZHUH
ERWK HTXDOO\ UHGXFHG E\ VDSRQLQV $ VLPLODU
LQKLELWRU\ DFWLRQ ZDV VFRUHG DJDLQVW WKH
QRQVWHURLGDO HFG\VWHURLG DJRQLVW WHEXIHQR]LGH
7KH LQ YLWUR DVVD\V VXJJHVW WKDW VDSRQLQ WR[LFLW\






VLJQDOLQJ LQ D OHSLGRSWHUDQ
%P DQG GLSWHUDQ 6 FHOO
OLQH
9DQ /RRFNH . 1DNDJDZD < :DWDQDEH %
6ZHYHUV / ,DWURX . *HHOHQ ' 5HKHXO '
6PDJJKH*
/DERUDWRU\ RI $JUR]RRORJ\ 'HSDUWPHQW RI 3ODQW
3URGXFWLRQ )DFXOW\ RI %LRVFLHQFH (QJLQHHULQJ
*KHQW 8QLYHUVLW\ &RXSXUH /LQNV  
*KHQW%HOJLXP
'LYLVLRQ RI $SSOLHG /LIH 6FLHQFHV .\RWR
8QLYHUVLW\ .\RWR  -DSDQ ,QVWLWXWH RI
%LRORJ\ 1DWLRQDO &HQWUH IRU 6FLHQWLILF 5HVHDUFK






%UDVVLQRVWHURLGV %5V DUH D JURXS RI VWHURLGDO
SODQW KRUPRQHV VKRZLQJ ODUJH VLPLODULWLHV ZLWK
WKH LQVHFW PROWLQJ KRUPRQH K\GUR[\HFG\VRQH
( DQG LWV FORVH DQDORJ SRQDVWHURQH $
SRQ$ 5HFHQW ILQGLQJV VXJJHVW WKDW %5V DQG
WKHLU K\EULGV FDQ LQIOXHQFH WKH LQVHFW PROWLQJ
SURFHVV E\ LQWHUIHULQJ LQ WKH HFG\VWHURLG
VLJQDOLQJ 7R DQDO\]H WKHVH LPSOLFDWLRQV %5V DQG
%5K\EULGV ZHUH WHVWHG RQ WUDQVIHFWHG FHOOV RI WKH
GLSWHUDQ 'URVRSKLOD PHODQRJDVWHU 6FKQHLGHU 
RU 6 FHOOV DQG WKH OHSLGRSWHUDQ %RPE\[ PRUL
%P FHOOV WR UHYHDO GLIIHUHQFHV LQ HFG\VRQH
UHFHSWRU (F5GHSHQGHQW OXFLIHUDVH*)3
UHSRUWHU JHQH LQGXFWLRQ FDXVHG E\ ( DQG 3RQ$
UHVSHFWLYHO\ %DVHG RQ WKH DEVHQFH RU SUHVHQFH RI
D 2+ JURXS DQG FKDQJHV LQ WKH VLGH FKDLQ DW
SRVLWLRQ  GLIIHUHQFHV EHWZHHQ WKH DFWLYLWLHV RI
%5V DQG %5K\EULGV FRXOG EH REVHUYHG LQ WKH WZR
FHOO OLQHV 7KH WZR WHVWHG %5V HSLEUDVVLQROLGH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH %/ DQG HSLFDVWDVWHURQH &6 VKRZHG
QR DJRQLVWLF RU DQWDJRQLVWLF DFWLYLW\ LQ ERWK FHOO
OLQHV &RQFHUQLQJ WHVWV ZLWK %5K\EULGV ERWK
5&63RQ$ DQG 6&63RQ$ VKRZHG D
GRVHGHSHQGHQW LQGXFWLRQ RI WKH (F5GHSHQGHQW
UHSRUWHU FRQVWUXFW LQ 6 FHOOV ,Q %P FHOOV RQ WKH
RWKHU KDQG RQO\ 5&63RQ$ ZDV DEOH WR
LQGXFH WKH (F5GHSHQGHQW UHSRUWHU FRQVWUXFW 1R
LQGXFWLRQ RI WKH UHSRUWHU FRQVWUXFW ZDV IRXQG IRU
WKH RWKHU %5K\EULGV LQGLFDWLQJ WKDW WKH\ GR QRW
LQWHUIHUH LQ WKH HFG\VWHURLG VLJQDOLQJ SDWKZD\ LQ





WR UHGXFH WKH LQGXFWLRQ RI WKH (F5GHSHQGHQW
UHSRUWHU FRQVWUXFW E\ 3RQ$ LQ %P FHOOV
+RZHYHU QR UHGXFWLRQ LQ UHVSRQVLYHQHVV RI WKH
UHSRUWHU FRQVWUXFW E\ ( ZDV IRXQG ZKHQ XVLQJ
%5K\EULGV LQ 6 FHOOV 7KH UHVXOWV LQGLFDWHG WKDW
WKH WZR WHVWHG %5V VKRZ QR DFWLYLW\ RQ ERWK 6
DQG %P FHOO OLQHV ZKHUHDV %5K\EULGV ZHUH
IRXQG WR VKRZ GLIIHUHQWLDO DJRQLVWLFDQWDJRQLVWLF
HIIHFWV GHSHQGHQW RQ WKH RULJLQ RI LQVHFW FHOO OLQH
GLSWHUDQ YHUVXV OHSLGRSWHUDQ %HFDXVH 6 FHOOV
VHHPHG OHVV VHQVLWLYH IRU %5K\EULG WKDQ %P
FHOOV LW LV VXJJHVWHG WKDW %5K\EULGV LQWHUIHUH
EHWWHU LQ WKH HFG\VWHURLG VLJQDOLQJ SDWKZD\ RI WKH





9DQGHQEURXFN 7 6RHWDHUW $ YDQ 5HPRUWHO 3
'H&RHQ:0
/DERUDWRU\ IRU (FRSK\VLRORJ\ %LRFKHPLVWU\ DQG
7R[LFRORJ\ 'HSDUWPHQW RI %LRORJ\ 8QLYHUVLW\ RI
$QWZHUS%HOJLXP
,QWHOOLJHQW 6\VWHP /DE 'HSDUWPHQW RI




7KH IUHVKZDWHU IOHD 'DSKQLD PDJQD LV IUHTXHQWO\
XVHG DV D VWDQGDUG RUJDQLVP LQ ODERUDWRU\ WR[LFLW\
WHVWLQJ LQ RUGHU WR HYDOXDWH WKH SRWHQWLDO KD]DUGV
RI FKHPLFDOV WR WKH DTXDWLF HQYLURQPHQW
0RUHRYHU WKLV RUJDQLVP KDV EHHQ VKRZQ WR EH
VHQVLWLYH WR D ZLGH UDQJH RI WR[LFDQWV 8VLQJ
GLIIHUHQWLDO JHQH H[SUHVVLRQ DVVHVVPHQWV PRUH
VSHFLILFDOO\ WKH UHFHQW GHYHORSHG FXVWRP PDGH
'DSKQLD PDJQD DUUD\ 6RHWDHUW $ HW DO 
FRQVLVWLQJ RI JHQH IUDJPHQWV UHODWHG WR WKH
PROWLQJ HQHUJ\ PHWDEROLVP DQG OLIHVWDJH VSHFLILF
SURFHVV HQDEOHV WKH FKDUDFWHUL]DWLRQ RI GLIIHUHQW
FODVVHV RI FKHPLFDOV $V D VHPLKLJK WKURXJKSXW
WHFKQLTXH WKH PLFURDUUD\ RIIHUV D IDVW ZD\ WR
HYDOXDWH WKRXVDQGV RI JHQHV DQG SRVVLEOH
HQGSRLQWV VLPXOWDQHRXVO\ 7KH DLP RI WKLV VWXG\
ZDV WR LQYHVWLJDWH WKH PRGH RI DFWLRQ RI GLIIHUHQW
SHVWLFLGHV 2UJDQRSKRVSKDWH SHVWLFLGHV DUH
NQRZQ WR EH DFXWHO\ WR[LF DQG VSHFLILFDOO\
GHVLJQHG WR LQKLELW WKH DFWLYLW\ RI WKH
QHXURWUDQVPLWWHU DFHW\O FKROLQHVWHUDVH 7KHUHE\
WKH\ FDXVH LQWHUIHUHQFH ZLWK WKH FKROLQHUJLF QHUYH
WUDQVPLVVLRQ V\VWHP ZKLFK HYHQWXDOO\ FDQ OHDG WR
FRQYXOVLRQ DQG GHDWK RI WKH RUJDQLVPV ,Q
SUDFWLFH 'DSKQLD ZHUH H[SRVHG IRU  DQG K WR
FKORUS\ULIRV DQG GLD]LQRQ DQG WKH JHQH H[SUHVVLRQ
SURILOHV RI WKH LQGLYLGXDO FRPSRXQGV ZHUH
GHWHUPLQHG 6HYHUDO PROWLQJ UHODWHG JHQHV HJ
FXWLFOH SURWHLQV VKRZHG VLJQLILFDQW XS RU GRZQ
UHJXODWLRQ DIWHU H[SRVXUH WR WKH GLIIHUHQW
WUHDWPHQWV 5HDOWLPH 3&5 ZDV XVHG WR YDOLGDWH
WKHVH JHQH H[SUHVVLRQ UHVXOWV ,Q IXWXUH
H[SHULPHQWV H[DPLQLQJ HIIHFWV RQ WKH SURWHLQ
H[SUHVVLRQ DV ZHOO DV RQ WKH SRSXODWLRQ OHYHO ZLOO
HQDEOH XV WR OLQN GLIIHUHQW OHYHOV RI ELRORJLFDO
RUJDQL]DWLRQ DQG VHOHFW JHQHV RU SURWHLQV DV







/DERUDWRU\ RI 'HYHORSPHQWDO 3K\VLRORJ\
*HQRPLFV 	 3URWHRPLFV =RRORJLFDO ,QVWLWXWH
.8/HXYHQ%HOJLXP





(FG\VWHURLGRJHQHVLV E\ WKH SURWKRUDFLF JODQGV LV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DFWLYDWHG E\ WKH QHXURSHSWLGH SURWKRUDFLFRWURSLF
KRUPRQH 377+ ,Q WKH VLONZRUP %RPE\[ PRUL
QRW RQO\ 377+ EXW DOVR DQ DV \HW XQLGHQWLILHG
DXWRFULQH IDFWRU $) DFWLYDWH HFG\VWHURLG
VHFUHWLRQ LQ YLWUR 7R ILQG RXW ZKHWKHU RU QRW WKLV
GXDO FRQWURO H[LVWV LQ RWKHU VSHFLHV LQ SDUWLFXODU
LQ KHWHURPHWDERORXV RQHV ZH DSSOLHG VLPLODU
PHWKRGV DV ZHUH XVHG WR GLVFRYHU $) LQ %RPE\[
WR WKH ORFXVW /RFXVWD PLJUDWRULD 7KH UHVXOWV
VKRZHG WKDW HLWKHU GHFUHDVLQJ WKH LQFXEDWLRQ
YROXPH IURP  WR  ƫO RU LQFUHDVLQJ WKH QXPEHU
RI JODQGV LQFXEDWHG SHU GURS ƫO IURP  WR 
VLJQLILFDQWO\ LQFUHDVHG HFG\VWHURLG VHFUHWLRQ E\
WKH JODQGV RI GD\  ODVW LQVWDU Q\PSKV
(FG\VWHURLGRJHQHVLV ZDV DOVR DFWLYDWHG LQ D
GRVHGHSHQGHQW PDQQHU E\ SURWKRUDFLF
JODQGFRQGLWLRQHG PHGLXP &RLQFXEDWLRQ RI WKH
SURWKRUDFLF JODQGV ZLWK EUDLQV VWLPXODWHG
HFG\VWHURLG VHFUHWLRQ LQGLFDWLQJ WKH H[LVWHQFH DQG
DFWLRQ RI DQ DV \HW XQLGHQWLILHG ORFXVW 377+
:KHQ 377+ DQG $) ZHUH FRPELQHG HFG\VWHURLG
VHFUHWLRQ ZDV KLJKHU DV FRPSDUHG WR VWLPXODWLRQ
E\ HLWKHU 377+ RU $) DORQH LQGLFDWLQJ WKDW 377+
DQG $) DFW WKURXJK GLIIHUHQW UHFHSWRUV 'XULQJ
WKH ODVW Q\PSKDO LQVWDU GLIIHUHQFHV LQ
UHVSRQVLYHQHVV WR 377+ DQG $) ZHUH REVHUYHG






:RRGV +ROH 2FHDQRJUDSKLF ,QVWLWXWLRQ %LRORJ\




([LVWLQJ VFUHHQLQJ DQG WHVWLQJ SURJUDPV IRU
HQGRFULQH GLVUXSWRUV ('V IRFXV RQ YHUWHEUDWHV
DQG D VPDOO QXPEHU RI QXFOHDU UHFHSWRUV LH
HVWURJHQ DQGURJHQ DQG WK\URLG 7KH
SK\VLRORJLFDO DQG GHYHORSPHQWDO UROHV RI PRVW
LQYHUWHEUDWH UHFHSWRUV DQG WKHLU OLJDQGV KDYH
GLYHUVLILHG VR WKRURXJKO\ WKDW HQGSRLQWV XVHG DV
LQGLFDWRUV RI ('V EDVHG RQ IXQFWLRQ LQ PDPPDOV
ZLOO OLNHO\ EH LQDSSURSULDWH IRU LQYHUWHEUDWHV $W
OHDVW QLQH HFG\VR]RDQ JHQRPHV KDYH EHHQ SDUWO\
RU FRPSOHWHO\ VHTXHQFHG DQG WKH QXPEHU RI
LQYHUWHEUDWH JHQRPH SURMHFWV LV UDSLGO\
LQFUHDVLQJ ,QVHFWV FUXVWDFHDQV VSLGHUV
QHPDWRGHV SOD\ PDMRU UROHV LQ WHUUHVWULDO DQG
DTXDWLF IRRG ZHEV DQG VRPH VSHFLHV DUH RI
FRQVLGHUDEOH HFRQRPLF DQG FXOWXUDO LPSRUWDQFH
$SSOLFDWLRQ RI QXPHURXV HFG\VR]RDQ VSHFLHV LQ
UHJXODWRU\ WR[LFLW\ WHVWLQJ KDV EHHQ VWDQGDUGL]HG
6SHFLILFDOO\ FUXVWDFHDQV KDYH EHHQ XVHG
H[WHQVLYHO\ LQ VWDQGDUG WR[LFLW\ WHVWLQJ DQG DUH
DOVR EHLQJ FRQVLGHUHG DV LQYHUWHEUDWH PRGHOV IRU
(' WHVWLQJ E\ GLIIHUHQW UHJXODWRU\ LQVWDQFHV <HW
EDVLF NQRZOHGJH RI FUXVWDFHDQ KRUPRQHV DQG
WKHLU IXQFWLRQV LV OLPLWHG FRPSDUHG WR ZKDW LV
NQRZQ IRU VRPH LQVHFWV 7KH LVVXH RI
HQYLURQPHQWDO HQGRFULQH GLVUXSWLRQ DQG
VSHFLILFDOO\ WKH LVVXH RI QRQWDUJHW HIIHFWV RI LQVHFW
JURZWK UHJXODWRUV ,*5 LQ FUXVWDFHDQV KDV
UHYLYHG WKH ILHOG RI FUXVWDFHDQ HQGRFULQRORJ\
5DSLG SURJUHVV LQ WKH RPLFV ILHOG SURYLGHV
H[FLWLQJ RSSRUWXQLWLHV WKDW FRXOG DVVLVW RXU
XQGHUVWDQGLQJ RI KRUPRQDO UHJXODWLRQ DQG LWV
SRWHQWLDO GLVUXSWLRQ LQ FUXVWDFHDQV 7KLV WDON ZLOO
JLYH DQ RYHUYLHZ RI UHFHQW DGYDQFHV LQ FUXVWDFHDQ
(' UHVHDUFK ZLWK D IRFXV RQ ,*5 HIIHFWV 5HFHQW
SURMHFWV WKDW IRFXV RQ OREVWHU VKHOO GLVHDVH
PDULQH FRSHSRG GLDSDXVH DQG P\VLG KRUPRQH
UHFHSWRU LGHQWLILFDWLRQ KLJKOLJKW WKH QHHG IRU
VWURQJHU LQWHUDFWLRQV EHWZHHQ LQVHFW
HQGRFULQRORJLVWV DQG WR[LFRORJLVWV WKDW KDYH
SXUVXHG WKH LVVXH RI HQGRFULQH GLVUXSWLRQ LQ






,QVWLWXWH RI %LRORJ\ 5XVVLDQ $FDGHP\ RI
6FLHQFHV  .RPPXQLVWLFKHVND\D 6WU 6\NW\YNDU
5XVVLDQ)HGHUDWLRQ
,QVHFW %LRFKHPLVWU\ *URXS +DWKHUO\




2XU VWUDWHJ\ IRU WKH VFUHHQLQJ RI SODQWV LQ
UHJLRQDO IORUDV IRU HFG\VWHURLG SUHVHQFH EDVHG RQ
FKHPRWD[RQRPLF SULQFLSOHV KDV EHHQ H[WHQGHG
&RUUHODWLRQV EHWZHHQ WKH GLVWULEXWLRQ RI
HFG\VWHURLGV DQG WKH SK\ORJHQHWLF FODVVLILFDWLRQ RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH SODQW VSHFLHV DUH LGHQWLILHG IRU VSHFLHV ZLWK KLJK
HFG\VWHURLG FRQWHQW SRVLWLYH LQ WKH %,, ELRDVVD\
7UDFH DPRXQWV RI HFG\VWHURLGV SRVLWLYH LQ
HFG\VWHURLGVSHFLILF 5,$ EXW QHJDWLYH LQ WKH %,,
ELRDVVD\ DUH IRXQG LQ \RXQJ WLVVXHV RI PRVW
YDVFXODU SODQWV LQGHSHQGHQWO\ RI WKHLU V\VWHPDWLF
SRVLWLRQ :LGH VFUHHQLQJ RI WKH IORUD RI (XURSHDQ
1RUWK (DVW RI 5XVVLD DQG VHOHFWHG VFUHHQLQJ RI
IORUDV RI 6RXWKHUQ 8UDO 1RUWKHUQ &DXFDVXV
5XVVLDQ )DU (DVW DQG &KLQD KDV EHHQ FDUULHG RXW
,W LV HVWDEOLVKHG WKDW HFG\VWHURLGV DUH
FKDUDFWHULVWLF WR WKH SODQWV RI VRXWKHUQ ODWLWXGHV
DQG SRO\]RQDO JURXSV 7KH FRQWULEXWLRQ RI
HFRORJLFDO DQG JHRJUDSKLFDO IDFWRUV RQ WKH FRQWHQW
DQG FRPSRVLWLRQ RI PDMRU DQG PLQRU HFG\VWHURLGV
LQ SODQWV RI WKH JHQXV 6HUUDWXOD $VWHUDFHDH 6
FRURQDWD 6 LQHUPLV 6 JPHOLQLL 6 UDGLDWD 6
TXLQTXHIROLD KDV EHHQ LQYHVWLJDWHG ,W LV VKRZQ
WKDW WKH GLVWULEXWLRQ RI HFG\VWHURLGV ZLWKLQ WKH
SODQWV LV GHWHUPLQHG E\ WKH ELRPRUSKRORJLFDO
SHFXOLDULWLHV RI SODQWV 7KH FRQWULEXWLRQ RI
HFG\VWHURLGV DV D GHWHUUHQW VWUDWHJ\ LQ 6HUUDWXOD
FRURQDWD LV UHYHDOHG 3DUWLFXODU IHDWXUHV RI
HFG\VWHURLG ELRV\QWKHVLV LQ FHOO FXOWXUHV REWDLQHG
IURP LQWDFW SODQWV ZLWK KLJK 6HUUDWXOD FRURQDWD
PRGHUDWH 5KDSRQWLFXP FDUWKDPRLGHV DQG ORZ
$MXJD UHSWDQV HFG\VWHURLG OHYHOV KDYH EHHQ
VWXGLHG ,W LV VKRZQ WKDW LQWURGXFWLRQ RI PHWK\O
MDVPRQDWH LQWR QXWULHQW PHGLD OHDGV WR DQ
LQFUHDVH LQ WRWDO HFG\VWHURLG FRQWHQW LQ FHOO
FXOWXUHV 7KH FRPSRVLWLRQ RI WKH QHZ
HFG\VWHURLGFRQWDLQLQJ QXWULWLRQDO VXSSOHPHQW
³6HUSLVWHQ´ ZKLFK LV EDVHG RQ WKH OHDYHV RI WKH
SODQW 6HUUDWXOD FRURQDWD DQG WKH WHFKQRORJ\ RI
LWV SURGXFWLRQ ZLOO EH SUHVHQWHG 7KLV SUHSDUDWLRQ
KDV VWURQJ DQWLLVFKDHPLF DQG DQWLGLDEHWLF
HIIHFWV 7KH GDWD REWDLQHG WHVWLI\ WR WKH
SHUVSHFWLYHV IRU IXUWKHU SKDUPDFRORJLFDO VWXG\ RI
SK\WRHFG\VWHURLGV DV DGDSWRJHQLF DQG PHWDEROLF
UHPHGLHV :H WKDQN WKH ,QWHUUHJLRQDO &HQWUH
³$GDSWRJHQ´ LQ 6DLQW3HWHUVEXUJ IRU WKH
SKDUPDFRORJLFDO VWXG\ RI WKH SUHSDUDWLRQ
6HUSLVWHQ 7KLV UHVHDUFK ZDV VXSSRUWHG E\ JUDQWV
IURP WKH ,17$6  WKH 3URJUDPPH RI
&ROODERUDWLRQ EHWZHHQ 8UDO DQG )DU (DVW
'LYLVLRQV RI 5XVVLDQ $FDGHP\ RI 6FLHQFHV 3URMHFW




WKH DFWLYDWLRQ RI WKHLU UHFHSWRU
H[SUHVVHG LQ WKH SURWKRUDFLF
JODQGRI Bombyx mori
:DWDQDEH . <DJLQXPD 7 0DWVXPRWR 6 ,PDL
..DWDRND+
'HSDUWPHQW RI ,QWHJUDWHG %LRVFLHQFHV *UDGXDWH
6FKRRO RI )URQWLHU 6FLHQFHV 7KH 8QLYHUVLW\ RI
7RN\R&KLED-DSDQ
*UDGXDWH 6FKRRO RI %LRDJULFXOWXUDO 6FLHQFHV
1DJR\D8QLYHUVLW\1DJR\D-DSDQ
7KH ,QVWLWXWH RI 3K\VLFDO DQG &KHPLFDO 5HVHDUFK
5,.(16DLWDPD-DSDQ





);35/DPLGH SHSWLGH IDPLO\ S\URNLQLQ3%$1
IDPLO\ FRQVLVWV RI WKH LQVHFW SHSWLGHV WKDW KDYH
WKH FRQVHUYHG PRWLI LQ &WHUPLQDO VWUXFWXUH DQG
WKHVH SHSWLGHV EURDGO\ IXQFWLRQ LQ LQVHFW OLIH
SURFHVVHV ,Q WKH VLONZRUP %RPE\[ PRUL ILYH
);35/DPLGH SHSWLGHV DUH SURGXFHG E\ D VLQJOH
JHQH '+3%$1 JHQH ,W LV NQRZQ WKDW %RPE\[
);35/DPLGH SHSWLGHV UHJXODWH DFWLYDWLRQ RI
SKHURPRQH ELRV\QWKHVLV DQG LQGXFWLRQ RI
HPEU\RQLF GLDSDXVH LQ IHPDOHV +RZHYHU
'+3%$1 JHQH LV DOVR H[SUHVVHG LQ WKH 62* RI
PDOH ODUYDH DQG SXSDH ZKLFK VXJJHVWV WKDW WKHVH
SHSWLGHV KDYH XQNQRZQ IXQFWLRQV LQGHSHQGHQW RI
VH[ GXULQJ SRVWHPEU\RQLF GHYHORSPHQW
5HFHQWO\ WZR );35/DPLGH SHSWLGHV UHFHSWRUV
%P3%$15 DQG %P'+5 ZHUH LGHQWLILHG LQ %
PRUL +XOO - HW DO  - %LRO &KHP 
 +RPPD 7 HW DO  %LRFKHP
%LRSK\V 5HV &RPPXQ LQ SUHVV ZKLFK ZRXOG
KHOS UHYHDOLQJ DV\HWXQNQRZQ IXQFWLRQV RI
);35/DPLGH SHSWLGHV ,Q WKLV VWXG\ ZH
SHUIRUPHG UHYHUVH WUDQVFULSWDVHSRO\PHUDVH
FKDLQ UHDFWLRQ DQDO\VHV RI WKHVH UHFHSWRUV ZLWK
YDULRXV WLVVXHV IURP ZDQGHULQJ ILIWK LQVWDU ODUYDH
DQG IRXQG WKH H[SUHVVLRQ RI %P'+5 LQ
SURWKRUDFLF JODQG 3* $FWLYDWLRQ RI %P'+5
LQFUHDVHV LQWUDFHOOXODU &DFRQFHQWUDWLRQ DQG
F$03 FRQWHQW DQG LQGXFHV HFG\VWHURLGRJHQHVLV LQ
3* DW WKH ODWH VWDJH RI ILIWK LQVWDU 7KHVH UHVXOWV
VXJJHVW WKDW );35/DPLGH SHSWLGHV UHJXODWH







<DPDQDND 1 =LWQDQ ' 0L]RJXFKL $ 7DQDND
<.DWDRND+
'HSDUWPHQW RI ,QWHJUDWHG %LRVFLHQFHV *UDGXDWH
6FKRRO RI )URQWLHU 6FLHQFHV 7KH 8QLYHUVLW\ RI
7RN\R&KLED-DSDQ
,QVWLWXWH RI =RRORJ\ 6ORYDN $FDGHP\ RI
6FLHQFHV '~EUDYVNi FHVWD   %UDWLVODYD
6ORYDNLD
'LYLVLRQ RI %LRORJLFDO 6FLHQFH *UDGXDWH 6FKRRO
RI 6FLHQFH 1DJR\D 8QLYHUVLW\ 1DJR\D 
-DSDQ




)05)DPLGH DQG LWV UHODWHG SHSWLGHV DUH DPRQJ
WKH PRVW H[WHQVLYHO\ VWXGLHG QHXURSHSWLGHV LQ
DQLPDOV 7KH WHWUDPHU )05)DPLGH ZDV RULJLQDOO\
LVRODWHG IURP WKH FODP 0DFURFDOOLVWD QLPERVD DV
D FDUGLRH[FLWDWRU\ QHXURSHSWLGH 8VLQJ DQWLVHUD
UDLVHG DJDLQVW WKH SHSWLGH LW ZDV VKRZQ ODWHU WKDW
WKH )05)DPLGHUHODWHG SHSWLGHV )D53V H[LVW
WKURXJKRXW LQYHUWHEUDWHV LQFOXGLQJ LQVHFWV
XVXDOO\ ZLWK H[WHQGHG 1WHUPLQL +HUH ZH SUHVHQW
WKH LGHQWLILFDWLRQ RI )D53V DV SURWKRUDFLFRVWDWLF
IDFWRUV LQ WKH VLONZRUP %RPE\[ PRUL :H ILUVW
LGHQWLILHG %RPPRP\RVXSSUHVVLQ %06 D
PHPEHU RI WKH )D53V DV D QRYHO
SURWKRUDFLFRVWDWLF IDFWRU <DPDQDND 1 HW DO
 - %LRO &KHP  ± 7KH
%06 UHFHSWRU %065 LV KLJKO\ H[SUHVVHG LQ WKH
SURWKRUDFLF JODQG 3* FRQVLVWHQW ZLWK WKH
LQKLELWRU\ DFWLRQ RI %06 RQ WKH JODQG
,QWHUHVWLQJO\ %065 UHVSRQGHG WR WZR RWKHU
)D53V IURP DQRWKHU OHSLGRSWHUDQ VSHFLHV
0DQGXFD VH[WD ZKLFK DOVR H[HUW LQKLELWRU\
HIIHFWV RQ %RPE\[ 3*V 7KHVH UHVXOWV VXJJHVWHG
WKDW VRPH RWKHU HQGRJHQRXV )D53V LQ %RPE\[
PD\ DOVR DFW DV SURWKRUDFLFRVWDWLF IDFWRUV %DVHG
RQ WKH DERYH UHVXOWV ZH QH[W SXULILHG DQG
LGHQWLILHG IRXU %RPE\[ H[WHQGHG )05)DPLGHV
%RPPR)05)DPLGHV %5)D DV QRYHO
SURWKRUDFLFRVWDWLF IDFWRUV 7KHVH QHXURSHSWLGHV
DUH HQFRGHG E\ WKH VDPH JHQH :H IXUWKHU VKRZHG
WKDW %5)D DUH SURGXFHG LQ WKH &16 QHXURQV
ZKLFK VXSSUHVV WKH 3* DFWLYLW\ E\ GLUHFW
LQQHUYDWLRQ $OWKRXJK WKH LPSRUWDQFH RI WKH 3*
LQQHUYDWLQJ QHXURQV LQ WKH FRQWURO RI
HFG\VWHURLGRJHQHVLV KDV EHHQ ZHOOGRFXPHQWHG
VWXGLHV UHYHDOLQJ PROHFXODU EDVLV RI WKH 3*
UHJXODWLRQ KDYH EHHQ UHVWULFWHG WR KRUPRQDO
VXEVWDQFHV WKURXJKRXW WKH ODVW FHQWXU\ 7KLV LV WR
RXU NQRZOHGJH WKH ILUVW UHSRUW RI SHSWLGHV
FRQWUROOLQJ HFG\VWHURLGRJHQHVLV E\ GLUHFW
LQQHUYDWLRQ ZKLFK PD\ VKHG OLJKW RQ WKH QRYHO
DVSHFW RI WKH UHJXODWRU\ PHFKDQLVP RI LQVHFW
GHYHORSPHQW <DPDQDND 1 HW DO 3URF 1DWO
$FDG 6FL 86$ LQ SUHVV 5HFHQW UHVXOWV REWDLQHG








'HSDUWPHQW RI +XPDQ *HQHWLFV +RZDUG +XJKHV
0HGLFDO ,QVWLWXWH 8QLYHUVLW\ RI 8WDK 6FKRRO RI





6HTXHQWLDO SXOVHV RI HFG\VRQH GLUHFW WKH PDVVLYH
GHVWUXFWLRQ RI REVROHWH ODUYDO WLVVXHV GXULQJ
'URVRSKLOD PHWDPRUSKRVLV SURYLGLQJ D PRGHO
V\VWHP IRU GHILQLQJ WKH PROHFXODU PHFKDQLVPV RI
VWHURLGUHJXODWHG SURJUDPPHG FHOO GHDWK ,Q
'URVRSKLOD GHDWK DFWLYDWRUV VXFK DV UHDSHU DQG
KLG WULJJHU SURJUDPPHG FHOO GHDWK E\ UHOLHYLQJ
,QKLELWRU RI $SRSWRVLV 3URWHLQ ,$3PHGLDWHG
LQDFWLYDWLRQ RI XELTXLWRXV FDVSDVHV +HUH ZH VKRZ
WKDW WKH OHYHOV RI 'URVRSKLOD ,$3  ',$3 DUH
FULWLFDO IRU WKH SURSHU WHPSRUDO SDWWHUQV RI
HFG\VRQHWULJJHUHG FHOO GHDWK 'XULQJ ODUYDO
VWDJHV KLJK OHYHOV RI ',$3 EORFN FDVSDVH
DFWLYDWLRQ LQ VDOLYDU\ JODQGV HYHQ LQ WKH SUHVHQFH
RI HFWRSLF GHDWK DFWLYDWRU RYHUH[SUHVVLRQ 7KH
WUDQVFULSWLRQDO GRZQUHJXODWLRQ RI GLDS SULRU WR
PHWDPRUSKRVLV LV QHFHVVDU\ WR VHQVLWL]H VDOLYDU\
JODQGV IRU WKHLU VXEVHTXHQW GHVWUXFWLRQ LQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH UHVSRQVH WR HFG\VRQHLQGXFHG UHDSHU DQG KLG
H[SUHVVLRQ 7KLV VZLWFK LQ GLDS H[SUHVVLRQ LV
PHGLDWHG E\ &%3 LQ DQ HFG\VRQHGHSHQGHQW
PDQQHU GXULQJ WKH PLGWKLUG LQVWDU WUDQVLWLRQ
6WHURLGWULJJHUHG FHOO GHDWK LV WKXV D WZRVWHS
WHPSRUDOO\UHJXODWHG UHVSRQVH ZLWK WKH ILUVW VWHS
SURYLGLQJ FRPSHWHQFH IRU GHDWK DQG WKH ODWHU VWHS
GULYLQJWLVVXHH[HFXWLRQ
)XQFWLRQDO DQDO\VLV RI WZR
HYROXWLRQDOO\ FRQVHUYHG JHQHV
neverland DQG CRABP ZKLFK
DUH SUHGRPLQDQWO\ H[SUHVVHG
LQWKHSURWKRUDFLFJODQG
<RVKL\DPD 7 1DPLNL 70 L W D.  .DWDRND +
1LZD5
'HSDUWPHQW RI ,QWHJUDWHG %LRVFLHQFHV *UDGXDWH
6FKRRO RI )URQWLHU 6FLHQFHV 7KH 8QLYHUVLW\ RI
7RN\R&KLED-DSDQ
/DERUDWRU\ RI ,QVHFW *HQRPH 1DWLRQDO ,QVWLWXWH





'XULQJ ODUYDO DQG SXSDO GHYHORSPHQW RI LQVHFWV
HFG\VRQH LV V\QWKHVL]HG LQ WKH SURWKRUDFLF JODQG
3* +RZHYHU PDQ\ DVSHFWV RI WKH HFG\VWHURLG
V\QWKHVLV SDWKZD\ LQ WKH 3* KDYH VWLOO UHPDLQHG
XQFOHDU DW PROHFXODU OHYHO +HUH ZH UHSRUW WKH
LGHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI JHQHV KLJKO\
H[SUHVVHG LQ WKH 3* WKURXJK D FRPELQHG
DSSURDFK XVLQJ PROHFXODU DQG JHQHWLF DQDO\VLV
2QH RI WKH JHQHV ZH KDYH LGHQWLILHG LV QHYHUODQG
QYG DQ HYROXWLRQDOO\ FRQVHUYHG 5LHVNHOLNH
R[\JHQDVH QYG JHQHV RI ERWK WKH VLONZRUP
%RPE\[ PRUL DQG WKH IUXLW IO\ 'URVRSKLOD
PHODQRJDVWHU ZHUH H[SUHVVHG VSHFLILFDOO\ LQ
WLVVXHV WKDW V\QWKHVL]H HFG\VRQH VXFK DV WKH 3*
:H KDYH VKRZQ WKDW ORVV RI QYG IXQFWLRQ LQ WKH 3*
FDXVHV DUUHVW RI ERWK PROWLQJ DQG JURZWK GXULQJ
'URVRSKLOD GHYHORSPHQW )XUWKHUPRUH WKH
SKHQRW\SH ZDV UHVFXHG E\ DSSOLFDWLRQ RI
K\GUR[\HFG\VRQH RU WKH SUHFXUVRU
GHK\GURFKROHVWHURO VXJJHVWLQJ WKDW 1YG LV D
QRYHO DQG HVVHQWLDO UHJXODWRU IRU FKROHVWHURO
PHWDEROLVP RU WUDIILFNLQJ LQ VWHURLG V\QWKHVLV :H
KDYH DOVR LGHQWLILHG WKH RWKHU JHQH SUHGRPLQDQWO\
H[SUHVVHG LQ WKH 3* %RPE\[ RUWKRORJ RI FHOOXODU
UHWLQRLF DFLG ELQGLQJ SURWHLQ %P&5$%3
0DPPDOLDQ &5$%3V DUH NQRZQ WR ELQG WR VPDOO
FKHPLFDOV VXFK DV UHWLQRLF DFLG :H ZLOO SUHVHQW
GDWD RQ WKH ELRFKHPLFDO FKDUDFWHUL]DWLRQ RI
%P&5$%3 DQG WKH UROH RI D IDPLO\ RI LQVHFW
&5$%3VLQHFG\VRQHELRV\QWKHVLVLQWKH3*
0LFURDUUD\ DQDO\VLV RI WKH
PROWLQJ SURFHVV LQ WKH VSUXFH
EXGZRUP Choristoneura
fumiferana.
=KDQJ ' /DGG 7 =KHQJ 6/ L/  %XKOHUV '
.UHOO3$ULI%0)HQJ4'RXFHW'
*UHDW /DNHV )RUHVWU\ &HQWUH &DQDGLDQ )RUHVW
6HUYLFH 1DWXUDO 5HVRXUFHV &DQDGD  4XHHQ
6WUHHW (DVW 6DXOW 6WH 0DULH 2QWDULR &DQDGD
3$(




0ROWLQJ LV D FRPSOH[ SURFHVV RI GHYHORSPHQW WKDW
LQYROYHV VKHGGLQJ WKH ROG FXWLFOH DQG SURGXFLQJ D
QHZ H[RVNHOHWRQ IRU WKH OLIH VWDJH ,QVHFW PROWLQJ
SURFHVV LV FRQWUROOHG E\ D FDVFDGH RI JHQH
H[SUHVVLRQ WKDW LV LQLWLDWHG E\ WKH LQVHFW PROWLQJ
KRUPRQH K\GUR[\HFG\VRQH ( 7R
XQGHUVWDQG WKH ODUYDO PROWLQJ HYHQWV LQ WKH VSUXFH
EXGZRUP &KRULVWRQHXUD IXPLIHUDQD DW WKH
JHQRPH OHYHO D F'1$EDVHG PLFURDUUD\
FRQWDLQLQJ  3&5 HOHPHQWV UHSUHVHQWHG E\
a (67V IURP & IXPLIHUDQD ZKLFK LV RQH RI
WKH PRVW ZLGHO\ GLVWULEXWHG DQG GHVWUXFWLYH
GHIROLDWRUV LQ &DQDGD KDV EHHQ FRQVWUXFWHG DQG
XVHG WR DQDO\]H JHQH H[SUHVVLRQ SURILOHV LQ ODUYDH
PROWLQJ IURP WKWR WKLQVWDU VWDJHV *HQHV
UHSUHVHQWHG E\  XQLJHQHV VKRZHG DW OHDVW
WKUHHIROG GLIIHUHQFH LQ WKH H[SUHVVLRQ OHYHO
EHWZHHQ PROWLQJ DQG LQWHUPROWLQJ ODUYDH 7KHVH
JHQHV DUH LQYROYHG LQ VHYHUDO ELRORJLFDO SURFHVVHV
VXFK DV FXWLFOH V\QWKHVLV DQG GHJUDGDWLRQ FKLWLQ
V\QWKHVLV DQG GHJUDGDWLRQ FXWLFOH SLJPHQWDWLRQ
P\RJHQHVLV WUDQVFULSWLRQ DQG WUDQVODWLRQ
UHJXODWLRQ VHQVRU\ V\VWHP GHYHORSPHQW
PHWDEROLVP SDWKZD\V LQ GLJHVWLRQ FHOO
SUROLIHUDWLRQ DQG GHDWK HWF $FFRUGLQJ WR WKH
H[SUHVVLRQ SDWWHUQV WKHVH JHQHV FDQ EH FOXVWHUHG
LQWR IRXU PDMRU JURXSV LQ D FOXVWHUJUDP 7KH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH JHQHV LQ WKHVH GLIIHUHQW JURXSV UHVSRQVH WR (
GLIIHUHQWO\ 0LFURDUUD\ GDWD RI WKH H[SUHVVLRQ
SURILOHV ZDV FRQILUPHG XVLQJ TXDQWLWDWLYH UHYHUVH
WUDQVFULSWLRQ 3&5 7KH UHODWLRQVKLSV EHWZHHQ
PROWLQJ DQG JHQH H[SUHVVLRQ SDWWHUQV DV ZHOO DV
VRPH QRYHO JHQHV WKDW KDYH SRWHQWLDO WR EH XVHG LQ
SHVWFRQWURODUHGLVFXVVHG
+\GUR[\HFG\VRQH
DFFXPXODWLRQ LQ Silene VSHFLHV
Caryophyllaceae ZLWKRXW
DSH[
=LEDUHYD / ,YDQRYD 1 <HU\RPLQD 9 'RURSKHHYD
<X




6LOHQH IULYDOGV]N\DQD DQG 6LOHQH OLQLFROD DUH YHU\
SHUVSHFWLYH VRXUFHV RI YDULRXV SK\WRHFG\VWHURLGV
=LEDUHYD  $UFKLYHV RI ,QVHFW %LRFKHPLVWU\
DQG 3K\VLRORJ\  3 ± 7KHVH VSHFLHV JURZ LQ
WKH :HVW (XURSH DQG DUH VWXGLHG LQ FXOWXUH LQ
FRQGLWLRQV RI :HVW 6LEHULD IRU PDQ\ \HDUV
6\QWKHVLV KLJK OHYHOV YDULRXV HFG\VWHURLGV LV
FKDUDFWHULVWLF IRU WKHVH SODQWV 0DPDGDOLHYD 1=
HW DO  .KLPL\D 3ULURGQ\NK 6RHGLQHQLL 
± 2YHUJURXQG SDUW 6IULYDOGV]N\DQD
FRQWDLQV ±  K\GUR[\HFG\VRQH LQ WKH
EHJLQQLQJ RI YHJHWDWLRQ DQG ±  LQ
UHSURGXFWLYH RUJDQV 6LOHQH OLQLFROD ï   LQ
IORZHULQJ DQG   LQ IORZHUV 7KH JUHDWHVW
FRQFHQWUDWLRQV RI HFG\VWHURLGV DV LQ DQQXDO DQG
SHUHQQLDO VSHFLHV DUH DFFXPXODWHG LQ \RXQJ
GHYHORSLQJ RUJDQV 7KH JUDGLHQW RI FRQFHQWUDWLRQV
LV REVHUYHG LQ DOO RUJDQV LQ GHYHORSPHQW 5HPRYDO
DSLFDO SDUW IRU SODQWV 6LOHQH OLQLFROD DQG
6IULYDOGV]N\DQD UHVXOWV LQ GHOD\ RI JURZWK WR
KLJK DW ± WLPH DQG WR IRUPDWLRQ D ODWHUDO
VKRRWV ,Q SODQWV ZLWKRXW DSH[ WKHUH LV D
UHGLVWULEXWLRQ RI WKH FRQWHQWV
K\GUR[\HFG\VRQH LW DFFXPXODWH LQ JURZLQJ
ODWHUDO VKRRWV 6\QWKHVLV HFG\VWHURLGV LQ WKHVH
VDPSOHV LV DFFHOHUDWHG 7KH TXDQWLW\RI
K\GUR[\HFG\VRQH LQFUHDVHV  WLPHV DW
RYHUJURXQG SDUW RI 6LOHQH OLQLFROD 7KXV UHPRYDO
DSH[ LQIOXHQFHV ERWK ELRORJ\ RI GHYHORSPHQW RI
SODQWV DQG RQ HFG\VWHURLGV GLVWULEXWLRQ TXDQWLW\




VHFWLRQV RI WKH JHQXV Silene
&DU\RSK\OODFHDH
=LEDUHYD//DIRQW5'LQDQ/3XN'
7RPVN 6WDWH 8QLYHUVLW\ 6LEHULDQ %RWDQLFDO
*DUGHQ5XVVLD
8QLYHUVLWp 3LHUUH 	 0DULH &XULH  4XDL 6W
%HUQDUG)3DULV)UDQFH
,QVHFW %LRFKHPLVWU\ *URXS +DWKHUO\




6LOHQH LV RQH RI WKH ULFKHVW HFG\VWHURLGFRQWDLQLQJ
JHQHUD VR IDU GHWHFWHG LQ WKH SODQW ZRUOG
(FG\VWHURLGV KDYH EHHQ UHFRJQLVHG LQ PRUH WKDQ
 VSHFLHV RI WKH JHQXV &RPPRQO\ WKH
HFG\VWHURLGSRVLWLYH VSHFLHV SRVVHVV D ULFK
HFG\VWHURLG FRPSRVLWLRQ KLJK OHYHOV RI
K\GUR[\HFG\VRQH DFFRPSDQLHG E\
GHR[\K\GUR[\HFG\VRQH GHR[\HFG\VRQH
SRO\SRGLQH % DQG LQWHJULVWHURQH $ DUH
FKDUDFWHULVWLF IRU WKH PDMRULW\ RI 6LOHQH VSHFLHV
+RZHYHU PDQ\ QRYHO SK\WRHFG\VWHURLGV FRXOG EH
DOVR LVRODWHG IURP PHPEHUV RI WKLV JHQXV DQG
PDQ\ DQDORJXHV KDYH VR IDU RQO\ EHHQ IRXQG LQ
SODQWV RI WKLV JHQXV 7KHUH DUH FHUWDLQ GLIIHUHQFHV
LQ HFG\VWHURLG YDULHW\ DQG OHYHOV EHWZHHQ VSHFLHV
ZKLFK LQGLFDWHV WKDW HFG\VWHURLG SURILOHV FRXOG EH
XVHG IRU FKHPRWD[RQRPLF SXUSRVHV
+\GUR[\HFG\VRQH DQG SRO\SRGLQH % DUH
FKDUDFWHULVWLF IRU SODQWV RI WKH VHFWLRQ
6LSKRQRPRUSKD (FG\VRQH LQWHJULVWHURQH $ DQG
GHR[\LQWHJULVWHURQH $ DUH FKDUDFWHULVWLF IRU WKH




GHR[\K\GUR[\HFG\VRQH DQG VLGLVWHURQH DUH
W\SLFDO )URP 6 JLJDQWHD VHFW 6LSKRQRPRUSKD
ZH LVRODWHG WKH FKDUDFWHULVWLF HFG\VWHURLGV IRU WKLV
VHFWLRQ +RZHYHU LQ 6 IULYDOGV]N\DQD VHFW
6FOHURFDO\FLQDH >=LEDUHYD /  $UFKLYHV RI
,QVHFW %LRFKHPLVWU\ DQG 3K\VLRORJ\  ±@ LQ
DGGLWLRQ WR WKH H[SHFWHG HFG\VWHURLGV WKH
K\GUR[\ GHULYDWLYHV RI K\GUR[\HFG\VRQH
DQG SRO\SRGLQH % ZHUH GHWHFWHG 7KH FRPSRVLWLRQ
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WKH GHWDLOHG HFG\VWHURLG SURILOHV DQG FRQWHQWV RI
6LOHQH IULYDOGVN\DQD DQG 6LOHQH JLJDQWHD ZLOO EH
SUHVHQWHG 7KH HFG\VWHURLG SDWWHUQ RI WKH IRUPHU
VSHFLHV LV VLPLODU WR WKDW RI 6LOHQH QXWDQV DQG DV
VXFK LW UHSUHVHQWV DQ H[FHOOHQW VRXUFH IRU WKH UDUH
HFG\VWHURLGGLK\GUR[\HFG\VRQH
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